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3.3 OPERATIONS

3.3.1 Introduction

D2-22431-IV

This section describes the studies performed to define operation of the T65D

launch system. Studies were directed towards definition of:

• The number and schedule of launches required in support of the NOVA mis-

sion model furnished by MSFC

• Functional flow of vehicle major components from factory to delivery at

AMR

• Effects of launch schedule on production rates and storage requirements

• Liquid stage acceptance captive firing tests and test facilities

• Transportation requirments and equipment for major vehicle components

• Launch facilities.and u_-_Luu............ _L AMR

Work was done in sufficient detail to determine basic requirements, establish

feasibility of logistic concepts, handling procedures, and equipment, and to

define operations, facilities, and equipment for use in establishment of system
costs.

The information presented on launch facilities and operation was provided by

Martin-Denver, as a summary of work being done under a NASA contract for

the study of NOVA launch facilities at AMR. This work has been published in

detail in Martin-Denver report "NOVA Launch Facility Study," NASA-CR-63-7,
March 1963.

3.3.2 Summary

3.3.2.1 Mission Models and Launch Schedules

Mission requirements for the T65 vehicle system are based on the "NOVA

Operational Mission Model Ground Rules" published by the NASA Future Pro-

jects Office on January 18, 1963. These ground rules require consideration of
four basic missions:

• Manned Mars Mission

• Mars Ship Development

• Lunar-Base Supply

• Earth-Orbital Space Station

Two levels of effort are required on both the manned Mars mission and the

lunar-base supply. This requires consideration of four mission schedules as
follows.
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Number of Total No. of Peak Launch Rate

Mission Mars Ships Lunar Base Launches (6 months)

1 4 50 men 79 11

2 4 20 men 60 11

3 3 50 men 71 8

4 3 20 men 53 8

Reliability growth of the T65 vehicle was used in determining the total number

of launches. Peak launch rate was dictated by the requirements of the manned

Mars mission. Lunar-base missions were scheduled to obtain the most nearly

uniform launch rate!consistent with Mars-mission and lunar-supply require-

ments. Four space-station launches were also used to level launch rates as

much :as possible.

ine 1975 munch wmuow was selected as the earliest date for a Mars mission

consistent with a conservative development schedule. Two other Mars missions

were scheduled for the 1977 and 1981 launch windows.

The r_ltflrements of the Mars mission dictate high peak launch rates. This

imposesa requirement for a high production rate prior to these missions or

a level production rate witha Large launch vehicle component storage capability.

The high peal_ launch rate atsodetermines the number of launch facilities

required.

3.3.2,_ .Supporttx_ Operations

Functional flow diagrams were developed for the solid-first-stage motors,

cluster structure, and components (Figure 3.3.4-1) and for the liquid second-

stage (Figure 3.3.4-2).

There is a requirement for a Solid substage assembly facility for installation of

lower skirts, subsystem components, and instrumentation packages on the solid

motors. This requirement is based on the need to minimize assembly time at

the launch building. The facility may be located adjacent to the solid-motor

manufacturing plant or at some location between the plant and AMR. The facility

is not located at AlV[R because of limitations on available real estate. Storage

for solid-motor substage assemblies is required for periods up to 9 months to

permit support of Mars-mission peak launch rates with uniform production rates.

All liquid-engine second stages require stage-acceptance tests at the Mississippi

Test Facility (MTF). Following acceptance tests, they are returned to the

manufacturing facility for refurbishment prior to delivery at AMR.

The relationship between launch schedule requirements and production rates

was analyzed. It was determined that:
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• Peak production rate for solid motors is five per month

• Peak storage requirement is for 39 motors

• Peak production rate for second stages is ten per year

• Both solid motors and second stages must be capable of being stored for
periods up to 9 months.

3.3.2.3 Stage-Acceptance Static Test

All liquid-engine stages require an acceptance static firing test to detect and

correct any deficiencies related to stage performance while operating in the

environment imposed by firing of the engines. It is assumed that the M-1

engine can be fired under sea-level conditions without altitude-compensating
devices.

Acceptance firing tests of the second stage will be performed at MTF. Accept-

ance firing tests of the transtage will be accomplished at the manufacturer's

facility.

Complete checkout of the stage will be accomplished before firing. This will

include functional tests, RFI and electrointerference tests, and leak tests of the

LO 2 and LH 2 tankage.

Static f_ngs will include short-duration and full-duration firings. All systems

will be operating to determine performance in the engine operating environment.

After firing tests are completed, the stage will be returned to the factory for

refurbishment.

The static-firing test complex will consist of three identical stage-test stands

and one stand for the testing of individual M-1 engines.

In addition to the test stands, acceptance-firh_ test facilities will include:

• Control centers

• Data acquisition facilities

• Instrumentation towers

• Observation bunkers

• Communications, instrumentation, and test control facilities

• Tunnels

• Cryogenic servicing

• High-pressure industrial water system

• High-pressure gas storage and transfer system

IV-3
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• Electrical power

• Transportation

The static test stand for the second stage will consist of reinforced concrete

substructure, two main support piers, steel-framed stage-support and thrust

frame, water-cooled single-direction flame deflector, and a steel superstructure

for access and handling equipment. Nominal thrust rating will be 7,500,000

pounds to allow for growth, Barge docking facilities will be located adjacent to

the stand. The stage will be brought to the vicinity of the test stand by barge

and unloaded by wheeled transporters attached to the stage-transportation pallet.

The stages will be removed from the pallet and placed on the test stand by a

crane located on the superstructure. Supply barges will be used to service the

stage with cryogenics.

The M-1 engine test stand- nominally rated at 1,500,000 pounds thrust--will

be used to trouble shoot and evaluate performance for engines that do not perform

adequately during stage static firing. The stand will consist of a concrete sub-

structure, support piers, and superstructure on which the engine will be mounted.

Mounting attachments will accommodate both fixed and gimbaled engines. The

stand will be provided with a water-cooled one-way flame deflector. A com-

plete cryogenic supply and feed system, including storage tanks, will be pro-
vided,

3.3,2.:4 _ Transport_on

Water transportation of major vehicle components (solid motors, first-stage

cluster structure, second stage, and transtage) is required because of size.

Special ocean-going barges will be required for solid motors and second stages.

Port facilities and access waterways at MTF and AMR must be sized to allow

movement of these barges from the ocean to unloading facilities.

Cross-beam cluster structure and transtage will be transported by existing

commercial water transportation. Other vehicle components may be shipped

by road, rail, water, or air as required.

The transportation and handling concept for the solid motors involves the use

of a full-length strongback to prevent case buckling and local bearing failures.

This is required because the high fineness ratio of the motor precludes the use

of simple end supports. The motor will remain in the strongback for all opera-

tions, including propellant casting, until the motor is rotated to vertical for

emplacement on the launch platform. Special tracked ground transporters

designed to pick up the strongback will be used for local transportation on speci-

ally prepared roadbeds and for loading and unloading barges. The transporter

will also be used with a heavy lift crane to rotate the motor to the vertical for

erection on the launch platform. Identical transporter units will be used at all

manufacturing and operational areas.
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The transportation andhandling concept for the second stage involves the use of

a handling pallet that supports the stage in the vertical position at all times. The

pallet will be used for all prelaunch operations involving the second stage, except

final assembly and static firing tests. Transportation wilI be accomplished by

the use of four-wheeled semi-independent tractors that engage each corner of

the handling pallet. The tractors will be pneumatic-tired self-powered units

equipped with hydraulic cylinders to lift the pallet from the ground for transport.

Power and steering control design will permit control of transport operations

by one operator. Identical tractors will be used at all manufacturing and opera-
tional areas.

3.3.2.5 Launch Facilities and Equipment

The hybrid launch facility concept has been selected for the T65 vehicle because

analyses to date have indicated that this concept is the least expensive. For the

T65 vehicle this concept is characterized by:

• Off-pad checkout of liquid second stage, transtage, and payload.

• Off-pad assembly of second stage and transtage.

• On-pad assembly and checkout of solid-motor first stage.

• On-pad assembly of first stage, second stage-transtage combination, and

payload.

The number of launch buildings required is a function of the maximum launch

rate required for the Mars missions. Four buildings are required for the three-

ship Mars mission and six buildings for the four-ship Mars mission.

Two types of launch control centers have been considered. One type is a soft

installation using microwave data-transmission links. The other is a hardened

center oonnected to the launch building by hardline. For the purposes of this

study, Martin has selected a centralized soft launch control center for the four-

launch-building complex. The six-building complex is provided with three hard-

ened centers, each serving a pair of launch buildings.

3.3.3 Mission Models and Operational Launch Schedules

Mission requirements for the study were established by the "NOVA Operational

Mission Model Ground Rules," published by the NASA Future Projects Office

on January 18, 1963. These ground rules include four space programs: manned

Mars missions, Mars vehicle development, Earth-orbital space stations, and

lunar-base-supply missions. NOVA mission requirements are the sam of these

four programs.

Alte_,ate ' .... '- -" --Lvyv,_ ul pl-u_ralll requirements are considered Iur_ _t.^tllV lvlar_'---- nlis-

sions and the lunar-base-supply missions. Three Mars missions are specified

in a lO-year operational period. The Mars flight will have either a three-ship
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or a four-ship convoy. The Lunar-base,supply flights will be for supply of either

a 20-man base or a 50-man base. These two programs, which require two levels

of operation each are combined with the Mars vehicle development and Earth-

orbital space station programs to form four different combinations of NOVA mis-

sion requirements.

The ground rules indicate the general requirements for time period and quanti-
ties of payloads. A preliminary phasing schedule was developed that would

meet these requirements and was commensurate with time necessary for T65D

vehicle development. Mars-mission timing is fixed with respect to a choice of

launch window. The lunar-base-supply and Earth-orbital space station programs

were scheduled to provide as efficient an operational and production program as

possible without interfering with the Mars program. The preliminary model

showing the successful launches (plus 10-percent spares for Mars missions)
required for the four combinations of mission is tabulated in Table 3.3.3-1.

.'__ __ ."]_ 1 RIGVA Pm_._nt|n_.l ft.'Pnlllnrl l_nl,,--a

The ground rules supplied by NASA for the basic mission are summarized below.

Mars Missions--During the 10-year operational program, three manned Mars

missions will be attempted. The missions will be timed to minimize the energy

necessary for the round trip. The earliest attempt to be investigated is the 1973

Mars window because of the pacing developments needed for a Mars mission.

Other possible Mars windows used in the NOVA mission plan are 1975, 1977,

1981, and 1983. The 1979 window is not considered because of its higher energy
requirements and the increased solar activity at that time.

The manned Mars mission will require several ships each weighing about

1,500,000 pounds in Earth orbit, assuming nuclear propulsion for orbit depart-

ure. Each ship consists of 2 packages assembled in a 567-kilometer orbit.

Each package is placed in orbit using a NOVA vehicle with a minimum payload

capacity of 910,000 pounds. This payload capacity is adequate to provide reserve

for rendezvous and assembly of the 1,500,000-peund Mars vehicle.

Two levels of Mars mission were to be studied. These are represented by a

four-ship mission and a three-ship mission. The four-ship mission will require

6 million pounds in orbit. The three-ship mission will require 4.5 million

pounds in orbit. The buildup in orbit will take place in a 6-month period pre-

ceding the orbital departure date.

A spares factor of 10-percent of payload weight is required at orbital rendezvous.

This factor accounts for payload successfully delivered to orbit but which must

be replaced. It also covers such things as payload failures, damage during dock-

ing, replacement of various components, etc. Only whole numbers of launches

were considered when computing NOVA launches necessary to provide for

spares.
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Mars Vehicle Development---Since the Mars ship cannot be defined in detail at

this time, the vehicle size required for its development cannot be determined.

For this mission model, it is assumed that the number of successful NOVA

launches is equal to twice the number of packages per ship plus one. This means

that the equivalent of two Mars ships plus a spare package are used for the

development program.

The Mars-mission ship-development launches are scheduled over a 2-year

period prior to the first Mars window to be used for a mission attempt. The

schedule provides 1.5 years between the NOVA operational availability and the

start of launches for the first Mars attempt.

Lunar Base --Two levels of operation were considered for NOVA support of the

lunar program. These are based on establishing and maintaining either a 20-

man or a 50-man base. Establishing the lunar-base can involve either the

initial lunar base installation or addition to a base established by some Saturn V

J,,_q_4,1.,,?"_,,,U JI,JI*,L_VW_,.LI., "-,,F,,L L,,aC,,I,U,I,.,_JL.,P_,,W,a. tw_.._,It_,,P&JL. .S, &.ll,',,,,, .II,U_,L,iI, C4,.a k,PW.,_,j Jl,&l,k,ti,.l,_a.,l,,k_L_l_J _4_,8"J..1_; J,,P,lt, q_,,1_,w_ I_,IV _,,I. _ JI.IL4LJI,,B

10-year operational period, but on a noninterference basis with the Mars mission

attempts. The lunar mission launches start as soon as a particular NOVA con-

figuration is operational and continue until a Mars mission is approached. There

is then a break in the lunar flights while the Mars-mission attempt is made.

However, the launch rate for the lunar base is selected so that the lunar supply

is always greater than required, even during the Mars-mission attempts.

Lunar-base-support payload reqUirements are shown in Figures 3.3.3-1 and -2,

The lunar payload is expressed as equivalent payload in a 225-kilometer circula_

orbit. One pound of payload is a 225-kilometer orbit is required to deliver

0. 145 pounds of payload on the lunar surface. Figure 3.3.3-1 also includes a

0.9 reliability factor to account for losses from the 225-kilometer orbit to the
lunar surface,

Space Station - During the 10-year operational program, three large space

stations will be placed in a 567-kilometer orbit using the NOVA launch vehicle.

The time of launching these stations is to be scheduled to help Level the annual

NOVA launch rates. Weight of the space station will correspond to NOVA capa-

city. A totat o£ four NOVA launch vehicles is planned for this mission over the

10-year program plan. Two of these are to be available for the first space-

station launch to allow for possible failure.

3.3.3.2 Development of the Model

Model Description -- A definitive model was established to meet the mission

requirement ground rules and fit both T65D-launch-vehicle and Mars-vehicle

development requirements. The model defines the schedule of T65D launch

attempts necessa,_ to provide the required payloads in orbit. The reliability

growth carves (see Section 3o 5) were used in determining the required number
of launches.
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Figure 3.3.3-1 PAYLOADSFORLUNAR SUPPLY

0

Figure 3.3.3-2 PAYLOADSFORLUNAR SUPPLY
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Launch schedules for this model are shown in Tables 3.3.3-2, -3, -4, and -5,

as indicated below.

Mission Number Number of Mars Ships Lunar Base Table Number

1 4" 50 men 3.3.3-2

2 4 20 men 3.3.3-3

3 3 50 men 3.3.3-4

4 3 20 men 3.3.3-5

Schedules are developed by quarterly increments.

The Mars mission windows are the primary constraint on the definition of a

missl0n model. Five launch windows are of interest, with the first occurring

in 1973. Three Mars missions are required using any three of the five windows.

_,_,j ,,,.--_o _,._oo,,.,..o _,_,_ uu_A_:_u,_ -u[ naLiona! pres e and because of velo-

city increment is slightly lower for the early windows. However, T65D launch-

system availability on anormal-work-week basis prevents meeting the 1973

window. A moderate program for development of the launch vehicle results in

operational avatlabilRy of the vehicle by mid-1972. One and one-half years are
necessary to dvveloP/aMars vehicle for use with a NOVA booster. One-half

yearie neces_i_;i_d up Mars ships in orbit. Therefore, the 1975 Mars

window is the e_rlf_: that can be attempted without a high-priority development

and prodtictiOn __, The number of launches necessary to achieve the
required payload_iWas estimated for the Mars missions and Mars-vehicle

development using both the reliability growth curves and the spares factor.

The launches needed for lunar-supply missions and orbital stations were esti-

mated and scheduled for noninterference with the Mars missions. The number

of successful launches for lunar supply is shown in Figure 3.3.3-2. This is

based on the baseline T65C configuration, which has a payload capacity of approxi-

mately 1,120,000 pounds in a 225-kilometer orbit. The launch schedule was

established so that the cumulative weight of payload to the moon always exceeds

the curve. This requires stock piling of supplies on the lunar surface for use

during the Mars buildup period.

The space-station launches were scheduled during periods of low launch activity,

without regard to availability for support of the first Mars mission. If early
availability of the space station is considered desirable, this could be achieved

by scheduling two space-station launches during the 6-month slack period be-

tween completion of the R&D flight-test program for T65D in mid-1972 and the

start of the operational program in 1973. A program with space-station support
for the Mars mission that also allows for more unform launch rates and slower

production buildup could be achieved by attempting the first Mars mission in

1977. However, this program was not selected because of the desirability of an
earlier Mars mission.
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Reliability Estimates --The number of launches necessary to achieve the mis-

sion requirements was developed from the reliability estimates shown for the

T65C launch vehicle, which are the same as shown for the T65D vehicle in

Section 3.5. The number of launches necessary for the operational programs

is derived from the reliability growth curve by quarterly increments so that

reliability growth effects are reflected in each program. Fractional values

from the curve are taken to the next higher integral number.

Production and Launch Effects m A moderate production buildup and a uniform

latmch rate are desirable for best efficiency and economy of operation. The

requirements of the Mars mission dictate high peak launch rates. This imposes

a requirement for a high production rate prior to these missions or a level pro-

duction rate with a large launch-vehicle-component storage capability. The

highpeak lannch rate _dso determines the number of launch facilities required

(see Section: 3.3.7),

The space-station and lunar-base-supply launches have been scheduled, as far

as possible, to provide more uniform launch and production rates. The require-

ments for lunar supply are shown in Figure 3.3.3-1. These curves show the

minimum pounds of payload required to the moon at any time. Earlier deliveries

are permissible. Therefore, launch schedules have been adjusted to obtain the

most nearly'uniform launch rate consistent with Mars-mission and lunar-supply

requirements.

3.3,4 Supporting operations

This section outlines the operational flow sequence for T65D stages and com-

ponents from shipment at the factory to delivery at AlVIR. The interrelationship

between mission launch rate requirements, production schedules, transportation,

and storage requirements is described.

3.3.4. 1 Guidelines and Assumptions

To remain within the scope of this study and to define interface areas with manu-

facturing and launch operations, the following guidelines and assumptions were
used.

Overall Vehicle w

• Retrorockets and ullage rockets will be installed at the launch pad.

• The clustering cross beam, cluster links, and heat shields wilt be manu-

factured in existing East Coast or Gulf Coast facilities, and shipped to Cape

Canaveral by commercial water transportation, where the two pieces of the
cross beam will be assembled.

• A removable launch platform and flame deflector will be used. These items

will be refurbished at Cape Canaveral.
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• Arming devices for all stages of the vehicle will be installed during the two-

days allotted to prelaunch countdown operations.

• Barge transportation is conducted on a 24-hour-per-day, 7-day-per-week

basis, as required.

Solid Motors --

• Cases for solid motors will be manufactured on the East or Gulf Coasts and

shipped by commercial water transportation to the propellant manufacturer.

• The strongback and top lift fixture are installed on the rocket motor case be-

fore pouring propellant into the case. These items will remain with the solid

rocket motor until the motor is positioned vertically at the launch pad.

• No storage requirement exists for cool-down of solid motors after curing.

• Solid motors are shipped, one to a barge, in the horizontal position.

• One-way barge travel time between either the solid propellant manufacturer

or Cape Canaveral and the Solid Motor Substage Facility is 24 hours or less.

• A separate Solid Motor Substage Facility will be required for receiving in-

spection, installation of command destruct equipment (less arming devices),

electrical wiring, telemetering equipment, thrust-vector-control equipment,

malfunction detection equipment, and lower skirt. Some additional subsystem

co m_ts::_!l be installed during assembly of the first stage on the launch

•_-_ This bulld_ facility is expected to be located on existing waterways be-

_nthe solldpropellant manufacturer and CapeCanaveral.

• Motors will be stored within land transportation distance of the Solid Motor

Substage Facility for periods of up to 9 months. This capability is needed

to meet the requirements of the Mars mission.

Second Stage-

• M-1 engines are static fired by the manufacturer and shipped to the second

stage manufacturer.

• The pallet used as base support for the stage will be used as a mounting base

during assembly of stage components, and will be used until the stage is in-

stalled at the launch building.

• The second-stage manufacturer is responsible for the first stage-second

stage interstage, which will be installed on the first stage at the launch

building.

• The second stage will be transported in the vertical position by barge from

the manufacturer to the Mississippi Test Facility and to Cape Canaveral.

Both locations are within 10 days (one-way) barge travel time from the manu-
facturer.

• Second-stage captive test firing will be required on each vehicle. This will

be accomplished only at the Mississippi Test Facility,
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• The barge delivers a stage to the Mississippi Test Facility axtd, for the return

trip, picks up a stage that has received captive test firing.

• TheM-1 engine can be replaced at either the Mississippi Test Facility or

the Stage Checkout Building at Cape Canaveral. There will be no require-

ment to change M-1 engines at the launch pad.

• Two bays of the Stage Checkout Building can be used for 2 month's storage

during the buildup for the Mars mission.

• The second stage will be refurbished at the second-stage manufacturing

facility after static firing.

• The second stage:_ill be stored for periods of upto 9 months. This capa-

bility is needed_td meet,the requirements of the Mars mission.

Traustage ---

• A separate manufacturer will be responsible for the transtage.

• The two propulsion units of the transtage will be static fired separately at

the rmanufacturer' s facility and will be installed on the second-stage for-

ward skirt extension at Cape Canaveral.

• Commercial transportation will be used and will not exceed 20 days, one

way, from manufacturer to Cape Canaveral, with the transportation equip-

ment being returned to the manufacturer within 10 days.

Payload i
• Payload includes payload-to,second-stage interstage upon arrival at Cape

Canaveral.

• Payload will be shipped by barge in the vertical position.

• Additional definition of payload is beyond the scope of this study.

3.3.4,2 Functional Flow _ First Stage
, ,, , ,

A f_n_tl flow diagram for the solid first stage from manufacturing to Cape

C_r_ioperations is shown in Figure 3.3.4-1. The _major steps are shown

divl_ into three ihajor facility areas.

Sol id=_llant Facility -_The solid motor case, upper skirt, and nozzle are

man_fact_d and shipped to the solid-propellant manufacturer. The rocket

case is px_epared for pouring of the solid propellant. This includes degreasing

and instal|ation of the internal liner. The rocket case is installed on the strong-

back and the top lift fixture is installed. This assembly is then moved to the

casting area where the propellant is poured and allowed to cure. The nozzle

blocking and stabilizing equipment and upper and lower environmental closures

are installed. Upon completion, the strongback with solid motor is loaded on

a barge for transportation to the Solid Motor Substage Facility. The strongback
includes an events recorder which records the environment of the solid motor
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from casting until the strongback is removed after the motor is erected to the

vertical position at Cape Canaveral.

Solid Motor Substage Facility raThe lower skirts, malfunction detection, thrust

vector control, command destruct, retrorockets, electrical, and telemetering

subsystems are transported from the manufacturer to the Solid Motor Substage

Facility where they undergo a receiving inspection. The solid motor is trans-

ported by barge to this facility, where the motor is unloaded and given a recei-

ving inspection. The subsystems are installed on the motor and tested. After

testing, the solid motor is transported to a storage area. The motors will be

in storage for periods varying from part of 1 month to 9 months. As the motors

are required at Cape Canaveral, they are loaded onto a barge and transported

to the Cape.

Cape: Area Facility :--Several items are sent directly from the manufacturer to

the Cape° These include the auxiliary power unit for TVC, retrorockets, clus--

t._.S..S.S...L.I_) a..a_.,,.,As..l.._} AA_(_.I. _.LL_'_.ta."_r.a.._* 3r 'T.4.a..L".J. _._L_4_)_.L JLJL.I._ _..._.a_lJa._a._ f_C3..L.L.L C;LJ.J._ i_J_..a.I.k. C,L..L _L.'t_Ll.&.'_,

These items are installed during the assembly of the first stage in the launch

building.

3.3.4.3 Functional F!OW---Second Stagej Traustage, and Payload

A functional flow diagram for the second stage, transtage, and payload is shown
in Figu_ 3.3.4-2. The major steps are divided into five areas.

M-1 E_gine Manufacturing _The M-1 engine manufacturer is responsible for

manufacturing the:e_ine, transporting it to the static test area, performing

the sta£ic test, and transporting it back to the manufacturing area, where the

engine will be refurbished and prepared for transportation to the second-stage

manufacturing facility.

Second-Stage Manufacturing raThe second-stage LH 2 and LO 2 tanks are manu-

factured, moved to a hydrostatic test area, and tested. The tanks are trans-

ported to the stage-assembly area, where the second-stage tankage and struc-

tureis assembled and then mounted on the transportation pallet. Finally, sub-

system components and M-1 engines are installed, and a stage checkout is

completed.

The complete stage,ls transported to the Mississippi Test Facility for captive

test firing. Upon completion of the captive test firing, the second stage is

returned to the manufacturer for refurbishment and storage until it is required

at the Cape to support the launch program. The first stage-second stage

interstage would be installed on the pallet before shipment of the second stage

to the Cape. Second-stage storage time is expected to vary from 1 to 9 months,

with the mean at 4.5 months.

IV-19



D2=22431_IV

C,'_E

I CANAVEEAL

STATIC TEST TEST ENGINE TO M l MFG. REFUENSH 2ND STAGE MFG.

(EETURN PALLET)
4 9

[ H_._......cH ..... H'_ _ s_ _._oLH 2 TANK TEST FACILITY HYDROSTATIC TEST STAGE MFG. TANKAGE ON PALLET

COMPONENTS STAG E MFG. •

I ....._ H_EST__°,_I'_GH_S__....H_

i

INSTALL M-1 •

-qENGFNES

TEST FACILITY TEST FIKING S ['AGE MFG. ON PALLET TO CAPE 1

/

[NTERSTAG E 1(2 PIECES) •

(2 SECTIONS) TEST FACILI _'I_ T_ST FIRZNG ] ] TP, ANSTAGE MFG, REFURBISH TO GAPE

)

[ ..... H TRANSPORT _ F,,ure 3.,.4=2 FUNCT,ONAL FLOW FOR SECOND SIAGL TRANSTAGE,

0J_DEFINED) m CAPE AND PAYLOAD -- MANUFACTURE TO CAPE CANAVERAL

IV-Z1, -22



D2-22431-IV

BLANK

IV-20



D2-22431-IV

Transtage Manufacturing--The transtage is manufactured in two propulsion

units that include tankage. These are transported to a captive test area, where

test firings are performed, and then are returned to the transtage manufacturer

for refurbishment. These units will be transported to the Cape as required to

support the launch program.

Payload Manufacturing --The payload was undefined for this study. It is assumed

that all the units will be transported directly to the Cape as the program requires.

Cape Area--The second stage, transtage, and payload are transported to the

Cape, where receiving, inspection, modification, assembly, and launch opera-
tions are conducted, as discussed in Section 3.3.7.

3.3.4.4 Operational Schedule

A preliminary analysis of the mission model for the 4-ship Mars mission and

_" ...... "..... '- ........... -' .... [li qUi d .............tilt:; LIU--liIUt, tt tU.tlUtJ. IJ_t._t;_ J.i;;Vt:;i:t£UU t,ll_tL e re ive t;:tttli(Jll J[,'_l,L_ q_i.].=].e_ J,.J[.'u.[IlC'-- _.ei_o

to six launches in any specific 3-month period. Additional study will be required

to determine the optimum operational schedule at the Cape. However, to deter-

mine *_-^ requirements "-- ":--:'"': ..... __u_ _t,_ L_t,_-L_ aau equipment, a t_-pical schedule was made

for solid motors and second stage. This schedule is divided into three sections,

as shown in Figure 3.3, 4-3.

Vehicle Launches -- This section provides the following information:

• _Number of launches to be made in each month.

• Ctunuiative launches made in each year.

. Program cumulative total of vehicle launches at any given month.

Solid Motor Requirements --This section provides the following information:

• Motors required at the Cape in each month. The maximum number required

in any one month is 13.

• Cumulative requirements at the Cape by any given month.

• Production rate per month. Maximum required rate is 5 per month.

9 CumulLative totalproduced by any given date. A total of 474 is required to

support the mission model.

• Peak requirements for solid motors in storage are 39, 29, and 36 during

April 1974, July 1976, and January 1981, respectively.

• The motor requirement line shows that the motors must be through the Solid

Motor Substage Facility mid available for shipment to the Cape 4 months be-
fore the launch date.
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Figure 3.3.4-3 TYPICAl. SCHEDULE--4-SHIP MARS MISSION AND
50-MAN LUNAR BASE
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Liquid Second-Stage Requirements--This section provides the following inform-
ation:

, Stages required at the Cape in each month. The maximum required in any
one month is 3.

, Cumulative requirements for second stages at the Cape by any given month.

• Production requirements by months. The maximum required rate is 10 per

year.

• Cumulative total produced by any given date. It should be noted that the

number produced to date does not include captive test and refurbishment,

which require approximately 5 months of additional time.

Schedule Analysis m The information presented in Figure 3.3.4-3 was analyzed

to explore the relationship between manufacturing schedules, launch availability

dates, and length of storage required. It was found that the manned Mars mis-

SLUD _IJLIt_UU_t_ _L.L't_ IIUI, I_UI:IIp_IJ_LI)Lt_ WLI.LI a UJ[LIJLU£'L1LI IJJL'UI_tI_i, tULI .IL'U,I,I_ IJLilIt_S._ _1, U_U_,I_-

log of solid motors and liquid stages can be built up and stored to meet the peak

requirements of the Mars mission. Accordingly, solid motors and liquid second

stages must have the capability of being stored for varying periods of up to 9

months. Storage facilities will be required for this purpose.

The following examples illustrate this problem:

Vehicles 13, 14, and 15 are scheduled for launch in October 1974. The second

stages for Vehicles 13, 14, and 15 are required at AMR in May 1974. However,

to meet a uniform production schedule, the second stage for Vehicle 13 must be

fabricated by February 1973. Allowing 5 months for acceptance firing tests and

refurbishment, approximately 9 months of storage are indicated before it is

needed at AMR. Yehicle 23, which is required for the same series of Mars

mission launches, is launched in March 1975. Its second stage is required at

AM_R in September 1974. It is fabricated in March 1974. Allowing 5 months

for acceptance firingtests, little or no time is required in storage.

• Storage times for other _mits will vary between these extremes.

• In a similar manner, it can be shown that storage periods for solid motors

will vary between 0 and 9 months.

Other Mission Models m The other three mission models were not studied in

detail. The:model with a 3-ship Mars mission and a 50-man lunar base is

similar to the mission model previously discussed, and manufacturing and

Cape operations scheduling problems appear to be similar.

The mission model for the 4-ship Mars mission and 20-man lunar base, and

that for the 3-ship Mars mission and 20-man lunar base both present problems

in the 1978-80 time period. During these years, the launch requirements are

from 50-to 33-percent lower than the average for the expected 10-year period.
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This is a potential scheduling and production problem and will require additional
study if these mission models appear desirable.

In all mission models, the Mars missions are generating the critical require-

ments for launch pads, production capacity, and storage.

3.3.5 Stage-Acceptance Static Test

3.3.5.1 Introduction

All liquid stages (second stage and transtage) will be processed through an

acceptance static firing test prior to release for flight. In the case of the second

stage, all acceptance firings will be conducted at the Mississippi Test Facility
(MTF). The transtage propulsion units will be static fired at the manufacturer's

test facility. The primary purpose of conducting hot-firing tests on every liquid-

stage is to ensure that all systems are, or will be, in the best state of readiness

for latumh missions. T'hese tests aiso provide increased confidence in propulsion

and system operations. It is assumed that the M'I engines can be operated

under sea-level conditions without altitude-compensating devices.

3,3.5.2 Test Objectives

The overall objective of the acceptance-test program is to detect and correct

any deficiencies related to performance of the stage while operating in the

acoustic, thermal, and dynamic environment imposed by the engines.

3.3.5.3 Test Operations

The second stage will arrive at MTF by barge and will be unloaded and transfer-

red to the test stand. As soon as proper connections are made, checkout of

power, switching circuits, and electronic and hydromechanical systems will be
initiated. Completion of these activities will be followed by leak checks of the

pneumatic and fuel systems and a check of all pressure switch settings.

Before static firing, a complete checkout of the electrical network, including
RFI testing, will be completed. Although RFI and electrointerference tests

will have been conducted during stage-assembly checkout at the assembly plant,

it is recognizedthat the GSE-static test configuration may impose a different

RF andelectrical environment. Tests will therefore have to be conducted to

ensure reltabl_ equipment operation in the static test configuration. Leak tests

of the LO 2 and LH 2 systems will be accomplished using GN 2 first, and then the

LO2 and LH 2. GimbaI cornering tests of the nozzles will be performed and the
engine systems will be checked out.

After completion of stand, stage, and GSE checkout, a dry run of the static test

will be accomplished; A short-duration (30 seconds) live firing will be conducted

(short-duration tests will be eliminated as soon as practical). Following the
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short-duration firing, all test data will be evaluated and the stage and stand

will be inspected. After all corrective actions have been taken, the full-duration

firing run will be made. The engine gimbals will be actuated to determine proper

operation of the control systems and to evaluate thrust alignment. In addition,

all electronic systems will be in operation to determine performance in the engine

operating environment.

After the static firing, the stage will be secured, inspected, and functionally

tested to determine stage integrity. The refurbishment requirements will be

noted and if another static firing is deemed unnecessary by analysis of the data,

the stage will be purged, decontaminated, and prepared for shipment.

3.3.5.4 Facilities

NOVA liquid-stage development and acceptance static testing will be performed

at the Mississippi Test Facility (MTF). This facility is located 40 miles north-

east of New Orieans on the Pearl River in Mississippi. The test facilities wiii

be located in a test_area approximately five miles square, which is surrounded

by an uninhabited buffer zone of approximately 128,400 acres. First site-

development and construction work will be for the Saturn static-test stands and

supporting facilities. _ addition, various administrative, supporting, and ser-

vice buildings will be constructed that will eventually serve the entire MTF,

including NOVA test!operations.

Sup__iugs_include engineering, acoustical, electronics and instru-

ment l  riei iii tte malnt n ce bnildings,automotiveshop, in  nmable
m_i_s_rage_varehouses, telephone and emergency services, central

contro_,ii_d data h/tUdltng facilities. Central propellant receiving and storage

facilities and high-pressure gas, compressor buildings will also be constructed

to supply the requirements of all test programs.

A c9_9_t _s_S_m wl!l be constructed on the site, and several miles of river chau-

net wtll_:_pro_d to permit delivery of all vehicle stages by barge from the

mau f atty totheirrespec ve test stands. Theca al systemwill
also __.access for propellant transfer barges between the central storage
areas;i_dii_ test stands. A navigation lock, which provides access between

the _|i_ and the canal system, will closely control the water level in the

can_!ii,_ule"_ bridge will be constructed on the canal side of the lock to

pr6__S into the test site for vehicular and rail traffic from the south.

All c_ai_ioc_ and bridge traffic will be controlled from a central control building.

Botlfthe _ and the bridge must be initially constructed with sufficient clear-

ance to per_tt passage of the NOVA second-stage barge. Preliminary investig-

atio_ Of ba_ge requirements indicates that it will have a beam of approximately

100 feet _!a length of 230 feet.
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3.3.5.4.1 NOVA Static-Test Site

The tentative MTS test area site plan is shown in Figure 3.3.5-1. As indicated

on this plan, the NOVA test complex is located generally in the northeast area

of the site and north of the Saturn and Advanced Saturn test complexes. How-

ever, for the T65 vehicle, test positions will not be required for the first stage,

since it utilizes solid-propellant motors, nor for the transtage, since it will be

static tested at the manufacturer's test facility.

The T65 test complex will consist of three identical test stands for second-stage

development and acceptance testing, and one stand for testing of single M-1

engines. The test positionswill generally be arranged as shown in Figure

3.3.5-2. Actual siting of the positions is not within the scopy of this study.

In addition to the test stands, the following facilities will be required at the

test complex. In general, they will be similar to the corresponding facilities

in the test complex for the S-IC stage of Saturn V,

Test Contr,)! Centers--The test control centers will be reinforced-concrete,

one-story structures with a basement. These buildings will house equipment

and personnel required to control, observe, supervise, and monitor the opera-

tions at _ test stan_

Each cen_will cont_ a control room, a terminal room, a computer room, a

crew r_ _, _ an annotation room. Support shops for electrical, corn-• , "._ ".T " .t..- _

mumcatiOilS, _lstrmnentation, video, and camera maintenance will be included.

OffiCe _ stor_ _!space will be provided as well as the usual service space

required for electrical and mechanical equipment and janitorial supplies.

Data Acquisition Facility _ This facility will be required as a centralized col-

lection point for tl_ NOVA test-facility data system. Data collected here will

be sent to the MTF data handling center for processing and storage.

Instrumentation Towers mTwo instrumentation towers will be required adjacent

to each test position. Each tower will include:

• Platforms for •remotely controlled TV and motio n picture cameras and other

test and recording equipment

• Flood Lights to provide light on the test stage

• Ladders, catwalks, and vertical man-lifts.

Observation Bunkers --An observation bunker will be required adjacent to each

test position. The bunker will be a protective enclosure from which test person-

nel can see test firings at close range.
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Test Communications--An operational system of communications facilities will

be required within the test complex, This system will include intercoms and

public address and warning systems.

Instrumentation and Test Control --A centralized instrumentation system will be

provided. This facility will gather, condition, transmit, and present in usable

form all data necessary for the checkout, calibration, and control of the second

stage and associated functions and equipment during test operations.

Tunnels -- Instrumentation tunnels will be provided to connect the test control

centers and test stands. In addition to usage for instrumentation, data acquisi-

tion, control, and communications, the tunnel will be used as an emergency

passageway.

Cryogenic Systems- Cryogenics required for the complex are liquid hydrogen

(LH2) andliquid oxygen (LO2). These will be pumped directly into the second-

stage tankage from supply barges moored near the test stand. For the M-i

engine test stand, LH 2 and LO 2 storage tanks will be constructed on the test-

stand structure. Piping and equipment will be provided on the ground for coupling

to the barge system, and for transfer of cryogenics from the barges to the stand.

A gaseous hydrogen vent and burn system, emergency drains, LO2 hold ponds,

and LH 2 bta-n ponds will also be required at each test position, as well as exhaust-
product d!_harge baalns.

High_pr_e Indtmtrial Water System m High-pressure industrial water will be

required!xt _th_ test. complex for flame deflector cooling, test stand deluge sys-
tems, and propellant barge terminal deluge. This water will be supplied from

a water pumping station and storage basin located near the test complex.

High-Pressure Gas Storage and Transfer System m High pressure air, nitrogen,

and helium gases will be supplied to the test-stand complex from the MTF central-

compressor buildings. Each gas system at the test complex will have the capacity

for storing and supplying all second-stage and M-1 engine requirements. Piping,

valving, filters,and controls will be required.

Electrical_System ---Primary electriCalpower must be supplied to the test com-

plex. Electrical substations will be located in the test stands and test control

center. Distributionfrom the substations will be 3-phase power at 120/208 volts,

277J480 volts, or 2300 volts as required to supply the load.

Special power equipment will be necessary. This will include regulated 60-cycle

power, 400-cycle power, and a 28-volt d.c. system. Emergency power will be

supplied by an engine-driven generator located near the test control center. This

generator will provide standby power to the teststands and test control center for

emergency air conditioning and lighting and critical control and instrumentation

circuits.
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Grounding System- Special grounding systems will be installed to eliminate or

reduce the possibility of generation or retransmission of radio frequency inter-
ference in critical areas.

Transportation Facilities- Transportation facilities, including roads, canals

and docks, will be provided within the complex. These will be used for land- or

water-vehicle access to the test stands. Vehicle access to the M-1 engine stand,

the test control center, and the gas storage areas will also be provided. Parking

areas and paved hard stands will be provided as required. A complete docking

facility, to include canal basin, dolphins, and mooring slips, will be provided at

all test stands for mooring engine-delivery, stage delivery, and cryogenic barges.

Miscellaneous Facilities- Facilitiesfor non-test-oriented systems will be pro-

vided wtthinthe test cQmplex. These will include potable water, electrical and

lighting systems, environmental _control, sanitation, waste disposal drainage

systems, fire protection, compressed air, communications, natural gas, and

mechanical systems.

3.3.5.4.2 Second-Stage Static-Test Stand

A second-stage teststand is illustratedin Figure 3.3.5-3. Itwill be a single-

position stand consisting of a reinforced-concrete substructure with two integral

main-st_o_'tpiers, a steel-framed stage-support and thrust frame, a water-

cooled _!e-direct_ flame deflector, and steel superstructure to support
stage_:_ crane and access platforms. Access will be provided to the en-

gine tttri_U_p are_ by a fixed platform. Access from below the engines will be

provided by a rolling platform positioned on a cantilever support structure out-

board of one main pter during hot-firing tests. A 20-ton derrick crane mounted

on a corner of the same pier at the level of the rolling platform will raise or

lower individual M-1 engines mounted in a handling-installer dolly.

Equipment for servicing, test and checkout, test control, thrust measurement,

etc., wlll be contained on the stand and within rooms in the piers and substruc-

ture. The substructure will also contain water piping and control valves for

flame deflector cooling and fire fighting. Personnel access to all working levels

willbe provided by elevators and stairways within the piers and by emergency

stairs on their exterior.

The test stand willbe rated nominally at 7,500,000 pounds thrust. However,

the actual total thrust of the five-engine second stage on the stand will not exceed

5,175,000 pounds, since the maximum thrust developed by the M-1 engine at sea

level will be only 1,035,000 pounds. A growth factor has been added to the actual

values to arrive at the maximum design rating for the stand.

The second stage will be erected to a vertical position on the thrust frame sup-

ported at its four corners by the main piers. It will be mated at its lower inter-

stage to an adapter ring on the thrust frame. The interstage will not be assembled
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to the stage for static firing tests, since it physically restricts the normal engine

gimbal angular range and may be subject to damage during static testing.

The stage will be held down on the adapter ring by tension bolts passing through

the outer flanges of a series of hold-down fittings. These fittings will be attached

to the stage at the outside of its lower circumference and interstage mating chan-

nel during the initial assembly operation (see Figure 3.3.5-3}. The fittings will

be removed after static firing tests when the stage has been returned for refur-
bishment.

The adapter ring, hold-down provisions, test-stand thrust frame, and pier hold-

downs must be designed for the following conditions:

Second-stage net weight (static firing condition)

Stage hold-down fittings

Second stage weight empty (on test stand)

Unusable propellants and gas residuals

Stage weight at burnout (on test stand)

Usable propellants

Stage weight at ignition (on test stand)

Maximum thrust at sea level

Stage weight at burnout

Maximum upward load on stage hold-downs

595,440 pounds

3,600 pounds

599,040 pounds _

121_ 800 pounds

720,840 pounds

81 064 ! 000 pounds

8,784,840 pounds

5,175,000 pounds

-720_ 840 pounds

4,454,160 pounds

The maximum dynamic rebound condition on the stand would occur if all engines

were simultaneously shut down immediately after achieving full thrust, assuming

a full propellant load at start. Assuming further that 10 percent of usable pro-

pellant has been consumed at thrust termination, the downward load on the stand

will change suddenly from 2, 803,440 to 7,978,440 pounds --the increase corres-

ponding to the full sea-level stage thrust of 5,175,000 pounds. The maximum

load reversal on the stage hold-down mechanism will occur at stage burnout.

At that time, the load will change from the net upward thrust force of 4,454, 160

pounds to a downward load of 720,840 pounds --the difference again being equal

to the stage thrust. Adequate dynamic load, growth, and safety factors must be

incorporated in the test-stand design for these conditions.

The second stage, mounted on its pallet, will be brought to the test-stand area

by barge, as described in 3.3.6.2.3. The barge will be moored and stabilized

with its stern tied up to the dock to allow the stage and pallet to be rolled off

by wheeled ground,transport units. One set of four such units is required at

the test complex. These units will move individually to the different stands on

the complex service roads to toad and unload stages as required.

The stage will be rolled into position under the test-stand handling crane as

shown in Figure 3.3.5-3. The protective covering will then be removed and
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a lift ring will be installed on top of the stage by the handling crane. The lift

ring will have been picked up from its handling dolly by the crane prior to moving

the stage into position. The stage will be lifted vertically off its pallet high

enough to clear the top of the thrust frame and then moved laterally into posi-

tion, lowered onto the adapter ring, and secured in place with the hold-down

fittings. The stage-handling pallet and protective material will then be moved

to a nearby parking area. The lift ring will be returned to its handling dolly

and this equipment will be parked alongside the pallet or moved to another stand,

as required. The use of wheeled transporters rather than lifting the stage dir-

ectly off the barge, permits use of the same barge to return the stage previously

occupying the stand. The stage previously on the stand will be returned to its

pallet and placed in the parking area. After the new stage has been installed

and its pallet parked, the previous stage will be loaded on board the barge for

the return trip to the manufacturing facility for refurbishment. Parking hard
stands and fixed support piers must be provided for two pallets.

3.3.5.4 _._ M-1 Engine Static-Test Stand

The engine test stand, nominally rated at 1,500,000 pounds thrust, will be used

to trouble-shoot and evaluate engine performance for engines which perform

unsatisfactOrily during a stage static firing. The actual thrust developed by the

M-1 engine at sea level will be 1,035,000 pounds. The stand will consist of a

concrete _substructure _ , aupport piers, and superstructure on which the engine

will be mounted. A water-cooled flame deflector will be used, similar to the

stage deflector, but much smaller in size. A rolling platform also similar to

that uBedinthe stagetest standwill provide access under the base of the engine.

A derrick crane with a capacity of approximately 20 tons will be required at the

level of the rolling platform to lift the M-1 engine onto its vertical handling-

installer doily.

The stand superstructure will provide an overhead mounting attachment for

supporting the engine on the stand. This attachment will have adapter fittings

identical to the engine _mountings on the stage thrust structure. The mounting

attachments will accommodate both the center nongimbaling engine and the outer

gimbaling engines. Fittings identical to those on the stage must also be pro-

vided for attachingTVC actuator cylinders. The gimbaling engine hydraulic

power package is mounted integrally with the propellant-pump turbine-drive

pad, and will remain with the engine during static testing on the engine stand.

A ground hydraulic pumping unit with external cooler and filter, signal pro-

grammer, and power servos, and instrumentation similar to that which will

be used during stage tests, will be required at the test stand.

A complete cryogenic supply and feed system must also be provided on the

stand. This equipment will include insulated LH 2 and LO 2 storage tanks with
vents, fillingcontrols, filters, valves, and piping between the tanks and supply

connections at the cryogenic-barge mooring docks. Supply lines from the cryo-

genic tanks to the engines should include prevalves and pressure-volume
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compensating ducts identical to stage flight hardware. A cryogenic feed pres-

surization system must also be furnished on the stand. Equipment in this sys-

tem will include tank-vent valve controls, pressurizing gas supply pressure

regulators, pressure transducers, diffusers, and supply and sensing lines.

Engines mounted on handling-installer dollies may be brought to the stand from

any stage-checkout stand via connecting access roads. The engine will be posi-

tioned under the stand derrick crane. The engine and dolly will be picked up by

the crane using a special handling beam and sling set. The engine will be placed

on the rolling platform and wheeled into position on the dolly. The dolly will

elevate the engine to allow connections to be made to the stand mounting attach-

ment. Engines brought separately to the test site by barge may be off-loaded

directly at the test-stand barge dock and wheeled into position under the crane.

3.3.6 Transporta_on
• , r

This section outlines the requirements for the transportation of major launch-

vehicle components from the factory to the test or launch sites. Specific trans-

portation equipment concepts that meet these requirements are described in

sufficient detaii to support cost estimates.

3.3.6.1 Requirements

A maximum of five rocket cases per month must be delivered to the solid pro-

pellant manufacturer to satisfy program production requirements. Existing

commercial tug and barge transportation appears to be the most feasible trans-

portation mode to perform this function.

The transportation of the solid motors from the solid-propellant manufacturer

to the solid-motor substage facility and from there to the Cape will be by special

barge as described in the next section. These barges will be too large to use

the exls_ag inter_oastal waterways. Commercial ocean-going tugs will be re-

quired_to tow thehe barges. It appears likely that the Solid Propellant Facility

wiIlbe located iae_rDade County, Florida, or Camden County, Georgia.

Port facilities aud a_ess waterways at AMR must be sized to allow the move-

merit of these barge_ from the ocean to unloading facilities located near the

Solid C :F=Uity.

A prel_:_Ms of transportation of the cross-beam structure indicates

that when :the struct_l_e ls divided into two pieces (each section: 70 feet long,

32 fast wide, 1_ (_:;deep) it canbe transported from existing East or Gulf

Coast facilities t0!i_Mlt by existing commercial water transportation. How-

ever, sp¢cial,.sup_ttng and tie-down equipment will be required.

Other firat-st_age _bmponents and subsystems will be transported by conven-

tional commer0cial:,,¢arriers _road, water, rail, or air- as required.
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The second stage is transported in the vertical position by barge.
tances are:

• Vertical clearance = between 175 to 200 feet.

• Horizontal clearance = 105 feet at local obstructions.

Clearance dis-

Waterways into and around the Mississippi Test Facility must be planned and

sized to meet these requirements. Since the manufacturing location is not

specified, a limit of 10 days one-way barge travel time was assumed to

determine numbers of barges required for system cost estimates. For

optimum use of barges, schedules should be arranged so that return trips

to the manufacturing plant always carry a tested second stage for
refurbishment.

The transportation of the transtage propulsion units crea_s no new problem
areas. These units can be transported by commercial: water transportation°

For the purpose of this study, the location is assumed to be wit bin a 20-day
one-way water transportation route.

Payload transportation problems are similar to those of the second stage with

respect to width requirements. When the entire payload is transported vertically,

its height/iS assumed to be lower than that of the second stage,

3.3.6. 2_ :i_Trs_portaflon and Handling Equipment

The p_considezations that influenced the selection of transportation modes

for the [arge-:latmch-vehicle components and the equipment for transporting and

handling them are their size and weight, Water transport must be employed for

movements of any appreciable distance. Land transport will be restricted to

short distances on special roadways within primary operational areas.

The largest vehicle:components requiring special handling equipment are the first-

stage:solid motor and the liqttid second stage. The handling concept for beth of

these tnvelves the Use of special fixtures which remain with them from the early

manufac_ phasD until they are finally erected in the vertical launch building
at AMR. _ tn the case of the solid motor, this fixture is a full-length strongback

that sup_the _r horizontally during subassembly and transport, and is

alsoused to rotate _]_e motor to the vertical during final erection. The liquid

second stage is assembled and remains in a vertical attitude at all times,

supported under its lower interstage interface by a handling pallet.

Special ocean-going barges will be used to transport the solid motors and second

stages on their handling fixtures between manufacturing, storage, test, and

launch areas. Identical ground transporter units will be located at all of these

operational areas to load and unload the barge and to transport motors and

stages within these areas. The transporter for the solid motor is a special
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unit equipped with four tracked crawlers. This vehicle is also used with a

heavy lift crane to rotate the motor in its strongback to the vertical for erection

on the launch pad. The second-stage transporter consists of a set of four 4-

wheeled semi-independent tractors that engage the four corners of the handling

pallet. After operations in the stage checkout building at AMR, the stage, mounted

vertically on its handling pallet, will be rolled into the launch building. There

the stage will be lifted off the pallet for final erection. The strongbacks and

pallets will be returned by the special barges to the manufacturing areas for

recycling.

Other large components, such as the first-stage clustering structure, solid-

motor nozzles and skirt extensions, interstages and transtages, will be handled

by special dollies and will be transported by commercial ocean shipping or

barges.

3.3.6. 2.1 First-Stage Solid Motors

The handling concept developed for the first-stage solid motors is based on the

strength limitations of the motor itself, as discussed in 3.2.8.6.4.8.

A,,-jo,s of the motor o_ngth showed *_--" it could not ....... + its own .... _-_'*Irv _L_tAb

in bending when simply supported at its ends. Also, it was shown that when

supported on two intermediate supports it could not sustain the concentrated

lateral bearing loads at tlAe supports even though it would be adequate in bending.

It was foundthat to support the motor on individual supports, a minimum of
seven supports would be required. These supports would have to be unyielding;

that is, they could not be allowed to deflect under load. Clearly, this condition

could not/be met and still allow transportation and handling of the motor.

Several alternate solutions to this problem were considered before a final

concept was selected. The first alternate was to increase the motor-case

thickness to provide the necessary stiffness. To provide an adequate margin

of safety would require a case thickness approximately three times the thick-

ness required forflightconditions. Such a thickness would almost triple the

first-stageinert weight, with consequent decrease of payload capability of the

overall vehicle. The payload decrease would be approximately 40 percent

after all feasible compensations, such as increased chamber pressure, were

included. Such a large payload degradation is clearly unacceptable.

Thesecond alternate was to pressurize the motor internally to stabilize the

motor case. Preliminary calculations indicated an internal pressure of approxi-

mately 600 psia would be required to provide an adequate margin of safety. Such

a pressure would necessitate treating the motor as a pressure vessel with all

of the time-consuming and costly safeguards required. Also, the material used

in the motor case must be treated as a brittle material under these conditions,
thereby Complicating the handling problem even more. Fu_hermore, the effects

of such pressurizing on the propellant grain are not well understood. It is possible

that grain damage would result from these conditions. Therefore, this alternate

is not considered acceptable.
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The third alternate was to fabricate the motor in two segments, with the seg-

ments being mated during assembly on the launch platform. Providing a joint

in the motor would increase the inert weight of the first stage by a small

amount with consequent minor payload-capability degradation. The extra

assembly steps required, together with joint-testing requirements, would

significantly increase pad-occupancy time. Segmenting of the motor would

also slightly decrease the reliability of the vehicle. This solution, while feasi-

ble, was not considered for this study because unitized motors had already been

selected for the preliminary design vehicle. However, further investigation
in this area is desirable.

The fourth alternate was the use of a strongback to provide sufficient stiffness

and support-load distribution to overcome the strength limitations of the motor

case. This solution will overcome the defects of payload degradation, relia-

bility degradatl0n, mad damage to the propellant grain noted in the first three

alters, The strc_rback will be a large heavy structure that will increase

I, uv .L_;_JU.---_U &UAm.u--_;a,l,t. yZ.Ll_ UU, tJU.UJLI, y UJL JrJJ.Ut, UX" LJLTdLIU=I[JUI'LUI'_ I_J.1U II_Jr.IULILI_ equip-

ment. However, it does not penalize the performance of the vehicle in any way

and was chosen as the best solution. The motor handling and transporting plan

was, therefore, developed on the basis of the use of a strongback.

Motor-case stiffness Limitations are such that all handling andtransportation

operations from casting of the propellant to erecting to the vertical position

immediately prior tol_tallation on the launch platform will require the use of

the s_ack.

After c_ting and curi_ the propellant, the motor and strongback will be rotated

to a horizontal position and located on semipermanent support structures. A

crawler-type transporter will then be moved endways over the motor and, by

means of lifting links attached to the strongback, used to pick up the motor and

transport it through assembly, inspection, and checkout operations at the manu-

facturing area. When all manufacturing operations are completed, the motor

will be postttonvdtn its strongback on a barge and secured for shipment to the

substage assembly facility. The crawler transporter will remain at the manu-

facturing area. It is planned that the transporters used at the manufacturing

area, substage assembly facility, and launch site will be identical and that

handl_ing methods in these areas will be similar.

Stro_bauk and, Lh% Ring---The strongback will consist of two stiff longitudinal
beams, one on either side of the motar, with cross frames, shaped to the motor

contour, between them. The cross frames will be spanned by closely spaced

stringers. These will be covered by a cylindrical plate. The plate will be

lined with a pliable bearing pad which provides the actual contact surface between

the motor and strongback. The pad will facilitate distribution of the bearing load

and prevent shear tran_er between the .... ngback and the motor case. The

conceptual strongback configuration is shown in Figure 3.3.6-1.

The strongbackwas sized and designed to restrict maximum centerline deflection

of the motor within allowable limits when supported by trunnions at the nozzle
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end of the strongback and at the crane attachment points at the forward end.

Design analysis included consideration of adequate margin of safety, deflections

caused by the weight of the strongback, and contribution of the motor case to the

stiffness of the motor-strongback combination.

For the beams shown in Figure 3.3.6-1, the margin of safety is 2.74, which

is adequate for this support condition. This support condition will be realized

only when the motor is being lowered from the vertical to the horizontal

position after motor cure, and during final erection at the launch building.

Under all other handling and transportation conditions, the strongback will

be supported at intermediate points located as shown in Figure 3.3.6-1. The

intermediate support points will provide a margin of safety greater than 3.0.

The Weight of this strongback is estimated to be 2.7 million pounds, with stress

requirements such that low-carbon structural steel may be used for its construc-

tion. This weight represents only a preliminary estimate and may be decreased

by refined detail design. Theseresults do, however, show that the use of a

strongback is a feasible soiution. The term "margin of safety" is to be under-

stood as meaning the ratio of the moment that will cause failure of the motor

case to the moment existing in the motor case when resting in a static condition

and includes dynamic loading effects and a factor of safety.

The support points on the strongback include those for crane attachment, pickup

and transporting by crawler transporter, and stationary storage and barge trans-

portation. The crawler transporter support points will be brackets attached to

the topc_ the strongback beams, located as shown in Figure 3.3.6-1, and

engaged by the lifting links of the crawler transporter. The stationary-storage

and barge-support points, two at the nozzle end and one at the forward end,

will be attached to the bottom of the strongback as shown in Figure 3.3.6-1.

The three-point support arrangement was chosen as the simplest way of over-

coming support-height irregularities without causing higher stresses in the
motor case.

The motor lifting ring will be attached to the forward stub skirt of the motor

case prior to ca_ting the propellant and will remain attached throughout assem-

bly and .transportation until after the motor has been installed on the launch

platform. The lifting ring will support the weight of the motor through direct

bearing in all cases where the motor is in a vertical nozzle-end-up position.

When the motor is installed in the strongback, the lifting ring will become a

part of the strop, back. During rotation to a vertical nozzle-end-down position

and untii the crane picks up the full weight of the motor, the lifting ring will

carry the axial component of the motor weight to the strougback. When the

motor and strongback are in a vertical nozzle-end-down position, the motor

will hang suspended from the lifting ring supported by the crane and strong-

back. To remove the motor from the strongback, the crane will pick up the

full weight of the motor, and the lifting ring will be detached from the strong-

back. The motor will then be moved laterally to clear the strongback and will

be raised to its position on the launch platform by the crane. Some type of
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auxiliary structure will be required to stabilize and support the strongback during
removal of the motor and until it is returned to the horizontal position.

After the lifting ring is detached from the motor, it is returned to the strong-

back, and the strongback is rotated to the horizontal, and transported to a barge
for return to the manufacturing area.

Permanent or semipermanent support pedestals will be provided at each place

where a motor and strongback will be stored in the manufacturing, assembly,

and transportation line. The pedestals will be movable at locations, such as

the launch building, where movement is desirable for handling convenience. At

other locations, such as storage areas, the pedestals will be permanently fixed.

In all cases, the pedestals will require special high-capacity foundation struc-
tures.

Land-,Transport Crawler- The motor and strongback will be handled on the

_ u,,u ,y _ _z=w,u_-Lyp_ L_aa_poL-_r. Thi._ transporter wlu also be used to

support and maneuver one end of the strongback while rotating the motor from

the horizontal to the vertical position. The transporter will include four crawler

units provided with hydraulic cylinders to provide load leveling and vertical-lift

capability. The crawler units will be self-propelled and steerable. The trans-

porter used at the manufacturing, assembly, and storage areas will be identical

to the transporter to be used at the launch site. The transporter is illustrated

in Figure 3.3,1B-2.

The "_iozi.pickup arms" shown in Figure 3.3.6-2 will engage the nozzle-

end trunntons of the stroz_,back to lift it clear of the support pedestals and walk

it in aS an Overhead crane in the vertical launch building lifts the forward end

to rotate the motor in the strongback to the vertical position. This procedure,

which is illustrated in Figure 3.3.6-3, will be reversed to return the empty

strongback to the horizontal position, and the transporter will then return the

empty strongback to an empty barge for return to the manufacturing area.

To install the motor and strongback on the barge, the crawler transporter will

lift them from the support pedestals and move them to thb proper position on the

barge and lower the strongback on the barge support points. The crawler trans-

porter's lifting links will then be disengaged and the transporter will be driven

off the barge: The procedure will be reversed to remove the motor and strong-
back from the barge.

Water Transport Barge --The solid motor and strongback will be transported

from the manufacturing storage area to the launch site by means of a special

barge. The water transportation route will include access canals and open-

sea environments; therefore, the barge must be designed as an ocean-going

barge with provisions for withstanding possible ocean storms. The draft of the

barge will be maintained as required for inland canal operations. The barge

will not be self-powered, but will contain an auxiliary powerplant to provide
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for utilities, ballast-pumping equipment, and solid-motorenvironmental pro-

tection. The barge will be manned to provide for equipment maintenance and

control while under way and will have living facilities for the number of men

required.

The barge will be essentially a hollow hull as shown in Figure 3.3.6-4. The

main longitudinal strength members will be rigid beams on either side of the

cargo well that will provide longitudinal strength for the barge and support for

the crawler transporter as it moves onto the barge to load or unload the motor

and strong'back. The support points, two at the nozzle end and one at the for-

ward end, will have limited rotational and translational capabilities so that the

bending and twisting of the barge in a seaway will not cause significant stress

in the moor case. Provisions will be made to secure the strongback to the

barge so that it isstable on itssupport.

Thebarge will be provided with water-ballast compartments and pumping equip-

ment _ allow the barge to be sunk onto continuous submerged piers at the load-

ing and unloading slips. This system will stabilize the barge during the loading

and unloading operations. The ballast system will be available for use under-

way, as required by load and sea conditions.

Environmental ProtectiOn and Control m Environmental protection and control

for the solid first-Stage/motor during transportation will be provided by enclos-

ing the motor with an insulated structure attached to the strongback. This struc-

ture will be of lightweight, rigid, sandwich-type construction with the proper

heat-transIer properties. The strongback will be insulated and fitted with clos-

sures as required so that it will function as the environmental enclosure for that

part of the motor that it surrounds. Environmental control will be provided by

circulating conditioned :air within the enclosure. The conditioned air will be

introduced through ping-in connections to units provided on the barge or at

selected storage locations.

3.3.6.2.2 F_st-Stage Cluster Structure

The first-stage clus_r structure will be fabricated in two halves, which will be

shipped to the launch area before assembly. The halves will be approximately

32 feet by 70 feet by 15 feet. Such dimensions will require special handling

and transportation d0!lies. However, the weight of the cluster structure is
relatively small Therefore, the load capacity of the dolly will not be a pro-

blem, The size of the structure, however, will require shipment by commer-

cial water transportation from the manufacturing areas to the launch area. A

general-purpose barge will be used for this shipment. Special supporting and

tie-down equipment will be required.

3.3.6.2.3 Second Stage and Interstage

The transportation concept for the second stage involves the use of a handling

pallet. The pallet will support the stage through the final assembly and
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checkoutprocess, transportation tO and from the static test site, and trans-

portation to and within the launch site, During all these steps, the stage will

remain on the pallet except during static-test operations. All and transport-

ation of the stage and pallet will be accomplished by pneumatic-tired, self-

powered_ ground-transporter units Conceived by the Food Machinery Corpora-

tion. The pallet and transporter units are illustrated in Figure 3.3.6-5. All

water transportation will be by special ocean-going barge, with the stage

carried in the vertical position. :

After fabrication, cleaning, and as_iembly, the stage structure will be mounted

on its handling pallet in the vertical position. It will be supported at its lower

interstage interface by an adapter ring, which will be an integral part of the

pallet structure. Tim pallet will be supported under strong points by floor piers.

After installation 0nthe pallet, transporter units will be moved under and locked

to the pallet at the corners. The pallet will then be raised off the piers and

moved_wtth -the stage structure to an assembly area where engines and all stage

_,_o_o_u_ w,L_ _ _L_u. co, ua_ pLu_._._, the pallet must be positioned

high enough so that the engines can be installed from below, as shown in Figure

3.3.6-6, The engines, when installed, will project into a cut-out in the center

of the pallet a!_proximately equal to :the stage diameter, The pallet and assem-

bled stage Will i_ be. wheeled into a stage-integration area for checkout.

From_t__n area, the stage will be moved to a dock facility for loading
aboard_i_i_oi_l_*_- barge, as shown in Figure 3.3.6-7. The barge will be moored

lo ! ock with its ste n ag nst thedockpier. Thestageand
pallet_i _ rolled onto the bargefrom the stern, and positioned with the engines

oweg-i_elL Four load-,transfer _nders or large screw jacks on the barge

will _ the pallet off the transporte? units, which will then be rolled off the

barg_!!_The pallet will be lowered t0 the barge deck and secured for transport.

By _ this procedu_, both ce_-of-gravity height and overall height above

water'; Lovol will be h_ldto a minim_.

by tuff_ the Mississippi Test Facility (MTF). Up-

on the and pallet will be rolled off the barge by

and positioned adjacent to the test stand.

be liftedby an overhead crane to its

posi_ wheel units will he moved to a parking

area_t stage will be replaced on the pallet and

will be refurbished and prepared for

The proced_ will be used to transport the stage to AMR.
Ident_c_ auits will be:aeed to move the stage, on the pallet, to a

stage eSeckou$_d_;* From;_l'e, the stage and pallet will be rolled into

posltiOn Wlthln a_rtlcal launch building, An overhead crane within the building

will liftthe _!tage:f_m the palletaiidposition iton top of the firststage. The

pallet will then be placed aboard an empty barge for return to the manufacturing

area.
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Stage Handling Pallet w The second-stage handling pallet will consist of a steel

box-beam-type structure. A circular adapter ring will be attached to the top

of the bex-bearn to provide continuous support for the stage along its lower

interface. The structure will have an opening in the center large enough to per-

mit clearance for the M-1 engines. Sufficient clearance will be provided to

allow full gimbaling of the nozzles while on the pallet.

The box-beam will be provided with support points to mate with the wheeled

transporter units and fixed floor-support piers. The support points will provide

a structural connection between the pallet and the hydraulic cylinders of each

transporter to form a stable rolling unit. The pier support points will not
require such a connection.

Groun d _ransport Units---The ground-transporter units to be used for the sec-

ond stage are pneumatic-tired tmite conceived by the Food Machinery Corporation.

Theseunits will provide load capacity and stability well within the requirements

•u_ _mmpu_un u_ _a_ _u,_u s e. Rubber-tired tmlts w,,l...... provide flexi-

bility of use and maneuverability exceeding that of any other system capable of

meeting: the load and stability requirements: The units were sized for the static

weight of the stage and pallet plus overload due to a nominal 40-mph wind with

a gust: factor of 1.4. A dynamic load factor of 1.5 was used, giving a maximum

design load per 4-wheel unit of 800,000 pounds. A total of four such units is

adequate for this load at a maximum loaded speed of 1.5 mph.

The wheel units are powered by self-contained gasoline or diesel-electric sys,

tems. Power and steering control systems are designed to permit control of

all system movements by one operator. Cross-control cabling with plug-in

connectors will be installed on each pallet. This will allow a minimum turning

radius of 200 feet with automotive-type steering and zero feet when all wheels

are turned simultaneously.

Prepared high,capacity roadways With maximum vertical slopes of 5 percent

will _ required for all loaded operations.

Water TransP0rt:Barge- The secQnd stage will be transported between the

manufacturing area, the static test site, and the launch site on a special barge

as shOwn in Figure _ 3,3.6-7. The routes require travel on inland canals,

coastal waterways, and open sea. The barge will be designed with strength

and stability to meet open-sea conditions but with a sufficiently shallow draft

to move on inlaudcanals. Overall barge dimensions are approximately 100

feet in beam by 230feet in length.

The barge will not be self-propelled, but will have an auxiliary powerplant to

provide for utilities, ballast-pumping equipment, load-transfer equipment, and

stage environmental control. The barge will be manned while under way to pro-

vide maintenance and control for the equipment.
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Sufficient ballast capacity will be provided to enable the empty barge to be sunk

onto submerged support piers for 1Qading and unloading operations. Underway

ballasting capability will be included as required for stability of the empty barge.

The barge will be designed with two main longitudinal strength members, one on

each side of the nozzle well. These members will provide longitudinal strength

for the barge and support for the wheeled transporters when loading and unload-
ing the stage.

Interstage Handling Equipment m The interstage structure, being a relatively

light piece of hardware, will require no special handling or transportation

equipment. It will be shipped from the manufacturing area to the launch site

on the second-stagel pallet along with the second stage. Removable platform

extensio_ :w_ll be included on the stage-handling pallet when the second stage
is mov_l tO AMR, _: shown in Figures 3.3.6-5 and 3.3.6-7. Provision for this

additional:use of the pallet can be made without interfering with its primary use.

General-purImse dollies wiiibe used to move the interstage structure around at
the manufacturing and launch sites.

Environmental I>rotection and control m Environmental protection and control

for the second stage and the interstsge halves will be accomplished by enclosing

them in a/lextble, membrane-type cover. A light, covered, metal frame will be

secared t0.the top M:_ stage. Tl/e flexible membrane will be secured to the

frame at the top, and:to the pallet at the bottom. In addition, a membrance

cove: ring enclosing Hie five engines will be attached to the underside of the pal=

let. Additional proi_ction will be provided during water transport by auxiliary

coverings between the pallet and barge superstructure.

3.3.7 Launch Facilities and Equipment

3.3.7, 1 Introduction

The Stady of NOVA launch facilities required at AMR is being carried out under

a separate NASA contract awarded to Martin-Denver. This study includes the

derivation of cost information, which is presented in Section 5.3 of this report.

Martin-Denver was provided with detailed information on the T65 configuration

and with cost estimates for stage-peculiar ground support equipment required
at AM.R.

A Martin-Denver repOrt, "NOVA Launch Facility Study," NASA-CR-63-7,

dated March 1963, covers NOVA facility requirements and costs in considerable

detail. The information presented below is a partial statement of the launch

facility features, described in the _ove report, for T65-type vehicles.
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3.3.7.2 Summary

The hybrid launch facility concept has been selected for the T65 vehicle because

analyses to date have indicated that this concept is the least expensive. For the

T65-type vehicle, this concept is characterized by:

• Off-pad checkout of liquid second stage, transtage, and payload

• Off-pad assembly of second stage and transtage

• On-pad assembly and checkout of solid-motor first stage

• On-pad assembly of first stage, second stage-transtage combination, and

payload.

The number of launch buildings required is a function of the maximum launch

rate req_ed for the:Mars mission_. Four buildings are required for the three-

ship Marsmission slid six builds for the four.ship Mars mission.

Two types of launch control centers have been considered. One type is a soft

installation using microwave data transmission links. The other is a hardened

center connected to the launch building by hardlines. For the purposes of this

study, Matin has selected a centralized soft launch control center for the four-

launch-b_l_ complex. The six-building complex is provided with three

hardened eels, ea_hserving a pair of launch buildings.

3.3.7,3 :Guidelines and Assumptions
i i i , - J ,.,

3.3.7,3, 1 Site :

The launch facility will be located to the north of Complex 39 at the Cape.

Off-shore launch facilities have not been considered.

Launch pads should be spaced, if possible, such that uncontrolled (civilian)

areas will not be exposed to more than 120 decibels of sound pressure or

more than 0.2 psi overpressure (in case of an incident on the pad). How-

ever, these:ground rules maybe reconsidered if they are restrictive to
vehicles that otherwise would be desirable.

• .

Latmchpads must be placed so that they will not impose more than a 0.4
psi overpressure on the pads at Complex 39.

• . • .

The space vehicle must be protected by either separation distance or struc-

tural shell (building) so that R will not be exposed to more than 0.2 psi due

toan incident on an adjacent pad,

General-support areas shall bespaced so as not to be exposed to more than

0, 28 psi or 125 decibels.
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3.3.7.3.2 Mission

The facility will be sized to meet the requirements of the manned Mars mis-

sion. A 6-month launch span has been used for the mission. Planned

launch rates used to size and cost the facility are given in the mission
models outlined in Section 3.3.3.

• Launch attempts are not required more frequently than once a week. No

standby vehicle is required for simultaneous or next-day launch.

• The payload has been defined only to gross size limits. Consideration of

special payload launch facility features has not been included.

3.3.7.3.3 Vehicle

• The space vehicle must be protected from the side pressures and flying
debris associ_ed with hurricane-force winds.

• The building is designed to provide for a 2,2-degree drift cone at launch

under NASA 99-percent ground wind conditions (no gust}.

• Liquid stages will use an autogenous pressurization system.

• The vehicle is capable of holding for 8 hours after propellant loading.

3.3.7.3_4 _ Operations

• Scheduled operations will be performed during normal 40-hour work weeks.

Certgtn:_9_udUng operations, launch operations, and behind-schedule opera-

tions ar_ exceptions that will be worked during overtime.

• UnScheduled operations caused by malfunctions will be partially allowed for

in the normal 40-hour week and partially on overtime. The estimated time

will be split 50-50.

3.3.7.4 Launch Facility Concepts

Several launch facility concepts were considered for the T65 configuration.

These concepts g_nerally differ in the location of the checkout and assembly
operations. The following three were the prime contenders:

• Hybrid--Off-pad checkout, on-pad assembly

o Mobile--Off-pad assembly and checkout

• Fixed-- On-pad assembly and checkout

The size and weight of the T65-configuration solid motors plus safety considera-

tions, dictate that they cannot be reasonably handled by the mobile concept. They

are adaptable, however, to the fixed or hybrid concepts. Development of hoist-

ing devices whose capabilities far: exceed those of existing equipment is required.
This extension of the state of the art is considered feasible.
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The hybrid concept was selected over the fixed concept for development of cost

data because analyses to date indicate the hybrid concept is the least expensive.

Therefore, facilities and operations are described below only for the hybrid
concept.

Figure 3.3.7-1 illustrates the functional flow of space-vehicle stages and clus-

ter structure from receipt at AIVIR through launch. Facilities and operations

involved in this sequence are described in more detail in 3.3.7.5.

The number of launch positions (buildings) required is a function of the maxi-

mum launch rate required by the manned Mars missions. Mission Models 1

and 2, as defined in Section 3.3.3 for the four-ship manned Mars mission,

require six launch positions. Mission Models 3 and 4 for the three-ship manned

Mars mission require four launch positions.

3.3, 7. $ General Description

Figure 3.3.7-2 shows the general site plan for the NOVA launch facility. Four

launch positions are shown as atypical example.

3.3.7.5.1 Unloading Facility

Major coiaponents of the space vehicle are delivered to the unloading dock on

ocean,g0i_g barges, Figure 3.3.7-3 shows a more detailed view of the unload-

ing facility, The barges are positioned in slips and stabilized during the removal

of stage8 and components.

Solid motors are received in the horizontal position cradled in strongbacks,

Transporters are moved onto the barge to pick up and remove the motor-strong-

back combination. Because of the high weight of the motor and strongback, these

transporters are crawler-mounted vehicles. Figure 3.3.7-4 illustrates unload-

ing of the solid motor.

The second stage is received in the vertical position mounted on its handling

pallet. Rubber-tired transporters Uft the stage and pallet hydraulically, roll

them Off the barge, and move them to the stage checkout area.

3.3.7.5.2 Solid-Motor Checkout Area

Solid motors are moved from the unloading dockto the solid-motor checkout

area for receiving inspection, modification as required, and checkout of instal-

led subsystems. Facilities axe provided for temporary storage of the solid

motors until they are required at the launch building.

3.3.7.5.3 Stage Checkout Area

Second stages are positioned in one of the cells of the Stage Checkout Building
(SCB). Figure 3.3.7-5 shows the SCB for the second stage (the large building
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in the foreground). The adjacent low-bay building is the SCB for the transtage.

In the background of Figure 3.3.7-5 is a building for checkout of the spacecraft.

The smaller structures are for storage of ordnance. General support buildings

are also located in the area of the Stage Checkout Building.

The operations in the SCB area start with receiving. The stage is inspected and

any modifications are incorporated. The stage is then checked out to ensure

that it is ready for assembly with the other stages at the launch building. The

checkout will include pressure tests, engine leak checks, gimbaling, and equip-

ment functional tests as necessary to provide confidence that avoidable delays

at the pad will be minimum.

SCB operations include one major assembly operation- the assembly of the

transtage to the top of the second stage. Where appropriate, checkout opera-

tions are performed after this assembly has been made.

ThA qtU,TA rih_.o.'lcn.'l" n'rAn _l.qn inol,rl_m f,_oilltiAq fn'r ._qm_,nhly nf th_ fiT'qt-_t_o'_

cluster structure and the first stage-second stage interstage.

3.3.7.5.4 Launch Building

Figure 3.3.7-6 shows a: close-up of the launch building. The design includes

removable flame ducts and deflector and provides for internal erection and

assembly of the vehicle, The umbilical arms swing into protected areas in the

walls of the building at liftoff. The roof provides weather protection during

erection, assembly, and checkout but is opened at the time of launch. The in-

side of the building is provided with an acoustic liner that is also designed to

withstand (with a minimum of refurbishment) the temperatures expected during

liftoff. The launch building will stand about 650 feet high and has an outside

diameter of about 350 feet. The building is hardened to withstand peak over-

pressures that might result from an incident on an adjacent pad. For the four-

building launch complex, the required hardness is 1.05 psi. For the six-

buildl_ complex, the required hardness is 1.75 psi.

Space-vehicle assembly operations are started with the emplacement of the

solid motors on the launch platform within the building as described in 3.3, 6.2.

After motor emplacement, the first-stage cluster structure is installed and

assembly and checkout of the first stage is completed.

space-whicle assembly is completed with the installation of the second stage-

transtage combination and the payload (spacecraft). The completed space vehicle

is checked out as an integrated trait.

Finally, combined system tests are performed on the space vehicle-launch

system combination and the space vehicle is ready for launch operations.
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The launch area has a ring of instrumentation and service roads and a propellant

storage system, as shown in Figure 3.3.7-7. Cryogenic propellants will be

delivered to the area by an extension of the intracoastal waterway as shown in

Figure 3.3.7-2. These propellants are then transferred from the barges to the

pad-storage dewars, which are sized for the requirements of one launch. The

dewars are refilled as subsequent launches are scheduled at the pad.

3.3.7.5.5 Launch Control Center and Range Facilities

Figure 3.3.7-2 also shows a centralized launch control center (LCC), which

is located in such a position that it can conveniently use microwave transmis-

sion equipment with a minimum probability of interference. This centralized

LCC is planned for the four'launch-building complex.

For the six-building complex one hardened LCC is planned for each pair of launch

buildings. In this case, landlines will be used for data transmission between
l.-.,.._.,-.h h,,'il_14y'.'T. ,_'ncl T/"'llr "s
LCLLLI_L_S_L pJ_LLL_LL_ LU_L_ _aJ_.n_._.

The NOVA program will also require support from AMR range instrumentation

stations. Since these facilities are already available, no extra facility costs

have been included in the cost estimates. However, range operation costs are
included.

IV-77



D2-22431-IV 

IV-78 



D2-22431-1V

3.4 MANUFACTURING AND FACILITIES

3.4.1 Manufacturing

Manufacturing studies were made of the T65D baseline vehicle tm

• Develop a feasible manufacturing plan

• Identify manufacturing technology problems

• Estimate production flow time

• Evaluate design producibility

• Estimate the magnitude of the manufacturing task

ItemS in_ analysis are: engineering design, schedule and quantity of items to

be pr_dt_ed, tooHng_ fabrication processes, assembly sequence, manpower
skills, siraoe, a_ equlpmenL Each item will be considered for the first and

=_,.,,uu o=_ ,m_y, _u_ _,L-au ==_ =_ ul_u_u_ m 3.4. i. 3. rne second stage
is discussed in 3.4.1,4.

3.4.1.1 Manufacturing Program Concepts for Baseline Vehicle

The manufacturing program for the baseline vehicle includes production of the

struc_ components, _0tor cases, and nozzles of the solid first stage; the

struc_.c0mponentsi__ - _ _: --tl_e liquid second stage; the interstage structure; the

tranS_i_ructure;_ assembly; installation of subsystems; manufacturing
test of_qlii_e; attd:refttrbishment after static test of the liquid stage.

The indtvtdttat stages _lt be produced at separate facilities. The interstage and

transtage strQctttres Will be fabricated as part of the liquid-stage manufacturing

task..Vehicle system components will be integrated on the launch pad at the

Atlantic Missile Range.

During this sty, manufacturing processes were selected that provide for mini-

mum __ development requirements, are practical, and will provide
qualityprodu_ts,

It was ass_that the baseline vehicle would be manufactured as an integrated

effort underafull-scale development program, followed by a continuing produc-

tion prog_ ; Except for initial development, planning, and tooling, the manu-

factu_;_vtties would take place at special facilities provided for the
respee_e _eB.

3.4.1.,2: i Sttmmary

This report t_r_nts a practical method of manufacturing the baseline vehicle.

It indioates s_me of the major problems that must be overcome and presents

an estimate of the magnitude of the task.
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The manufacturing processes required to fabricate a majority of the detail parts

for both stages of the vehicle are available now. Current lack of technology will

be resolved in the recommended development programs. Essentially, parts

fabrication will require an increase in the size and framework of manufacturing

operations used currently.

The major problem in vehicle assembly and subassembly is the result of the size

of the structures and the tooling requirements for producing them. The problem

revolves around the need for tooling that is capable of handling extremely large

components and assemblies and can reproduce the close tolerances required for

flight vehicles. To ensure maximum uniformity and reliability, tooling for

welding must be automated as much as possible. The size of the components

also require that the assembly sequences be developed so that the transfer of

parts from one tool to another is held to a minimum.

No manufacturing scheduling difficulties are foreseen for either vehicle stage.

p_vility ..............Manufacturing ca er_t_tu tu _v_m uu_ L_-BL--_,_ u_v_Au_,u,=l,, w v_a,_,_;

and, by the end of 1963, solid motor capability should exist for the flight test

program, The greatest problem with the solid-propellant motors will be in

tooling and fabrication of the nozzle. Motor eases, solid propellant, and struc-

ture are all producible at this time.

Development work on the second stage of the vehicle could alsobe started

immediately, and the scheduledtime period is practical for fabrication of a

stage of this size. A new factory or assembly facility is required for subassembly

and final assembly of the liquid stage. These new facilities should be located to

allowwater transportation of the completed units to the test facility and tothe

launch site, One important observation is that the stage designwiH be able to

use much of the development work being done on the Saturn program.

3.4. :!. 3 , SolidTPropellant First-Stage Ground Rules and Assumptions

The following ground rules and assumptions were made in analyzing the manu-

facturingpr0cess forthe firststage of the baseline vehicle. The first stage con-

sists basically of the clustering structure, motor cases, nozzles, and aft skirts.

Production breakdown sketches would be made of the major stage parts before

the manufacturing discussions.

The motor cases would be manufactured at a shipyard or steel fabrication plant

that has access to water transportation for shipment of the cases to a propellant

manufacturing Site, The case motor would then be shipped to a motor finishing

site where the aftskirt assemblies and nozzle would be attached and subsystems

installed. BeCause this work would be performed on a loaded motor case,

machining and drilling operations would not be allowed. The clustering structure

would beshipped in halves to the vehicle assembly site. Some TVC components

and some electrical/electronic system components wouldbe shipped to the motor
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finishing area for installation. The remainder would be sent to the vehicle

assembly site.

The primary requirement in the tooling program is for interchangeable inter-

faces in the major vehicle components. These interfaces are: motor case to

nozzle, motor case to aft skirt extension, motor case to forward skirt extension,

support skirt to launch pad, and clustering structure to interstage.

The manufacturing processes considered are current production techniques and,

in themselves, do not create facilities problems. Proper use of manpower and

facilities requires a gradual program buildup with a constant production rate.

Storage of completed hardware and motors is required.

3.4.1.3. t Manufacturing Schedules

The Mars launch schedule does not allow a constant production rate. By sched-

,,l_nc,__.._,_-.l"n_" missions h_,_n t h_ MnrA .......flight_.,the. production..... rate can be adanted.

to reasonable use of manpower and facilities. The most efficient solid-motor

production rate to support a four-ship Mars mission and a 50-man lunar base

was shown in Figure 3.3.4-3. This rate requires storage of the finished solid

motors for as 10ng as 9 months. Some completed structural units will be stored
for 6 months. The maximum production rate of solid motor assemblies would

be five per:month. The clustering structure would be produced at the rate of

one every _ weeks.

Manafactnring of motors for PFRT and for the first flight vehicle appears on the

"least S!_ck!' path Of the PERT network. The number-one motor production flow

time is 30 weeks (6ee Figure 3.4.1-1).

3.4. I_ 3.2 Tooling Requirements

Detail parts axe made to suit the natural tolerance of the individual manufacturing

processes and are then joined in a final assembly jig to match critical dimen-

sions established by master tools. The master tooling concept is a means to

controlthe accuracy of production tools and to provide a tangible means of coor-

dinating related production tools. Master tooling will be required for interfaces
with vendor and associate contractors.

Major production tools for motor-case components (Figure 3.4.1-2) are listed

and briefly described in Table 3.4.1-1, and their use is described in 3.4.1.3.3.

The number of units of each tool was not determined in this study since the num-

ber of tool units must be based on the actual delivery schedule and number of

facilities in production. It has been assumed that more than one manufacturer
would build the motor cases.

Major production tools for structural hardware are Hsted in Table 3.4.1-2.
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FWD DOME ASSY CYUNDER ASSY AFT DOME ASSY

1, SKIRT.. 5, CYUNDERHOOP 6, Y RING

2, POI_RCAP (TYPICAL) 7, GORE ASSY
3, GORE ASSY 8. NOZZLE BOSS

4, Y RING 9, SKIRT

Figure3.4.1-2 MANUFACTURINGSKETCH
18%NickelSteelMotor Case
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MOTOR CASE TOOLS

Drill Jig 1 is used to drill interchangeable holes in the nozzle boss and motor

case skirt. This tool is composed of three parts: a base, which contains

a radial arm drill press, and two drill plates. One drill plate indexes to
the inside diameter and outside face of the nozzle boss. The other drill

plate indexes to the same features of the motor case aft skirt. The hole

pattern is coordinated to a master gage.

Drill Jig 2 is used to drill interchangeable holes in the motor case forward

skirts. This tool has a radial arm drill press in its base and one drill

plate. The drill is positioned by bushed holes in the drill plate and indexes

as does Drill Jig 1. The hole pattern is coordinated to a master gage.

Drill Jig 31s used to drillproduction holes in the skirts and skirt rings using

a tool-mounted drillmotor. The drillis located by bushed holes in a drill

plate. The tool indexes to the outside diameter.

Boring Fixtures 1, 2, and3 are used to turn a forged ring to nozzle boss net

dimensions. The tools are used on a vertical boring mill.

Boring Fixtures 4, 5, and 6 are used to turn a forged ring to Y-ring net dimen-
sions _)n a vertical boring mill.

Boring Fixture 7 holds gore assemblies for turning net openings for nozzle boss,

spun cap, and net O.D. to match Y-ring; turning is to be done on a vertical
boring mill.

Trim Jig 1 locates and holds formed gores. A traveling mill head and traveling

cutting torch (both capital equipment) are required to trim the part edges to

net size with weld joint edge. Travel carriages, track, power, and controls

are required.

Trim Fixture 1 is used to cut blank sizes from mill run plate. The largest part

to be cut is 12 feet wide and 34 feet long. This tool requires the following

equipment: cutting torch mounted on a traveling carriage, milling head

mounted on a traveling carriage, track, controls, and power supply.

Weld Fixture 1 holds cylindrical parts for proper root opening and alignment
for welding the longitudinal joint of the 260-inch-diameter motor case half

cylinders. Welds are made from both sides. The longest joint is 12 feet

long. Mechanized MIG weld heads, wire feed units, torch oscillators, track

travel carriage, controls, and power supply are associated equipment. The

weld heads are universally mounted on the travel carriage to allow adjust-

ment of the torch head up to 45 degrees leading, trailing, and normal to dir-
ection of travel.

Table 3.4.1-1
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MOTOR CASE TOOLS

Weld Fixture 2 locates and holds the formed gore pieces of both the forward and

aft dome assemblies. Welding is done from the outside only. The types of

equipment listed for Weld Fixture 1 are also required for this tool.

Weld Fixture 3 locates and holds the Y ring and skirt for welding, the gore assem-

bly for welding to the Y ring, and the polar cap or nozzle boss for welding to

the gore assembly. The weld fixture turns the parts past a weld head; there-

fore, there is no torch and travel carriage as in Weld Fixtures 1 and 2.

Weld Fixture 4 locates and holds the dome assemblies and cylinder for welding

on both sides. This fixture will be used with the following equipment: weld

he_ds, manipulators, wire feed units, torch oscillators, controls, and power

supply. This tool requires powered wheel rollers (capital equipment) to

rotate the motor case parts.

Weld Fixture 5 locates and holds the major case sections for joining by

welding from both sides. It is supported by equipment used with Weld
Fixture 4.

Form Die 1 used for forming gore segments, is a large spherical die to be
usedin a press.

_ble 3.4.1-1 (Cont.)

IV-87



L

D2-22431-IV

PRODUCTION ASSEMBLY TOOLS

SKIRT, SUPPORT, EXTENSIONS, FAIRINGS, AND CLUSTER STRUCTURE

L

Half Clustering Structure

Final half assembly jig

Final assembly check fixture

Forward Skirt Extension

Curved inner panel jig

Straight inner panel jig

Curved outer panel jig

Straight outer panel jig

Final assembly jig

Beam Structure

Primary beam jig

Curved inner tie jig

Curved outer tie jig

Straight outer tie jig

Diagonal beam jig

Center spider jig

Half beam structure assembly jig

Aft Skirt Extension

Panel assembly jig

Final assembly jig

Table 3.4.1-2

Support Skirt

Core machining fixture

Bonded panel jig

Support pad weld jig

Support leg jig

Major assembly jig

Aft Fairing

Panel assembly jig

Final assembly jig

Base Heat Assembly

Primary beam jig

Secondary beam jig

Four bonded panel jigs

Four core-machining fixtures

Final assembly jig

Total Aft Structure

Check fixture

IV-88



:- D2-22431-IV

3.4.1,3,_ M0_or.Cas_Fabricati_

The most reasonable approach to the fabrication of 260-inch-diameter motor

cases is the roll and weld method. This method is widely used throughout in-

dustry for similar products. Facilities,materials, and processes exist that,

after minor_development work, can support thismanufacturing program.

Fabr_ation. of the 260-inch diameter motor cases is based on the use of 18-

percen_nicltel steel. Flame cutting is satisfactory for rough trim only. This

material callhe readily machined in the annealed condition with conventional

highspeed steel cutting tools. Carbide cutters must be used on the aged mater-

ial. The material should be cold-formed before age hardening. Automated

MIG is the most reliable and feasible welding process. Age hardening of major

case sections will be done at 900aF to 950°F for 2 to 3 hours. Final case weld

jointsin the motor case design-are as welded. Hydrostatic testing of the final

case should be done horizontally. General manufacturing processes and basic

tooling are listedbelow for each part of a motor case. Descriptions of some

processes follow the listingand toolswere described in Tables 3.4.1-1 and

3.4.1-2.

Part:Name

Nozzi_ Boss

(foOting)

Y Ring

(forged rhig)

Gores _....

(plate)

(plate)_ _

Manufacturing Process

Clean up O. D., top and bottom surface

Rough, cut boss section

Rough cut flange
Finish cut I.D. and face of boss

Finish cut outside surface of curved

flange
Finish cut inside surface of curved

flange and weld joint edge

Clean up i. D., top and bottom surfaces

Rough cut O.D. and skirt flange

Rough cut L D. and dome• flange

F!_ah cut O,D. and top of skirt flange

Finish cut dome flange and skirt flange

..... Finish cut sidewall flange

i _ :Flame cut blank

- - Press form net shape
:_:. _Flame cut excess "

Machine edges and weld joints

Flame cut blank

Mil! net length andwidth with weld

edges

Preform ends for rolling (brake press)

Roll 260-inch diameter

Position parts .and weld on each side
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Production Tool

Standard Setup

Boring Fixture 1

Boring Fixture 2

Boring Fixture 1

Boring Fixture 2

Boring Fixture 3

Standard Setup

Boring Fixture 4

Boring Fixture 5

Boring Fixture 4

Boring Fixture 5

Boring Fixture 6

Trim Fixture 1

Form Die 1

Trim Jig 1

Trim Jig 1

Trim Fixture 1

Weld Fixture 1



Part Name

Cylinder Hoop

(plate)

Joint Ring

(plate)

Assembly

Gore Assembly

Dome

Assembly

D2-22431-1V

Manufacturing Process

Flame cut blank

Machine net length, width; weld joint

edges

Preform ends for rolling (brake press)
Roll 260-inch diameter

Clean weld edges

Position parts and weld on each side

Flame cut blank

Mill net length and width
Mill net cross section

Preform ends for rolling
Roll 260-inch diameter

Clean weld edges

Position parts and weld from each side

Position cylinder hoops and joint rings;

align centerline optically
Weld from each side

Age harden in furnace

Clean weld edges

Position andwel d gores from.outside

Position last gore and mark for trimming
to fit

Machine edges of,last gore

Position last gore and weld from one side

Turn net edges for Y-ring and polar

cap or nozzle boss

Position Y ring and gore assembly

Clean weld edges
Weid._r0m outside

position nozzle boss or spun cap

Cle_ weld edges
Weld from outside

Position skirt

Clean and weld from outside

POsition cylinder hoop

-Clean and weld from both sides

Production Tool

Trim Fixture 1

Weld Fixture 1

Trim Fixture 1

Weld Fixture i

Weld Fixture 4

Weld Fixture 2

Weld Fixture 2

Weld Fixture 2

Boring Fixture 7

Weld Fixture 3

Weld Fixture 3

Weld Fixture 3

Weld Fixture 3

Weld Fixture 3
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Part Name

Motor Case

Assembly

Manufacturing Process

Position forward dome assembly and

cylinder assembly 1

Clean weld edges and align optically
Weld from both sides

Position cylinder assembly 2

Clean, align optically, and weld

Position aft assembly, clean, align,
and weld

Position skirt ring, drill, and bolt in

place
Drill holes in nozzle boss

Drill holes in aft skirt ring

Drillholes in forward skirt ring
Pressure test

Dry blast exterior and interior

pvLtLI__pL=y ex-terior and interior

Production Tool

Weld Fixture 5

Weld Fixture 5

Weld Fixture 5

Weld Fixture 5

Drill Jig 1

Drill Jig 2

Drill Jig 2

Drill Jig 3

The cylindrical hoops are made from two fiat plates rolled to form half cylinders

and then welded longitudinally, Plate nmterial 120 to 144 inches wide by 35 feet

long rolled into half cylinders and requiring 30 to 26 pieces for one motor case

was assumed. The forward head uses a 144-inch-diameter spun cap. Motor

sections _p to 50 feet 10ng canbe age-hardened in case bottom furnaces.

Thickened weldlaUds :have been shown on the motor-case design drawing.

However, it is anticipated that the joint thicknesses will be reduced by develop-

ment of a lbcal age-hardening process.

After hydrostatic testing, the case is cleaned thoroughly. Trichloroethylene

solvent and alkaline solution are used as required, followed by sandblasting.
Parts are then rinsed to remove abrasives and are warm-air dried. Threaded

holes and machined surfaces are masked, and painting is completed as soon as

possible after cleaning, Spray painting is done with an epoxy paint specified by

the propellant manufacturer. In,process temperature must be nmintained

between 50 and 80°F. Lighting and ventilating facilities are required inside the
motor cases.

Accelerated drying of the paint can be done with electric heat panels and infrared

modules. Drying can be done while painting is in progress. Approximate drying

time for 0,5-rail-thick epoxy paint is 15 to 20 minutes at 200°F surface tem-

perature. Threaded holes and machined surfaces are hand cleaned to remove

paint overspray and coated with a protective coating material.

At the motor finishing site, loaded motors would have the nozzles, aft skirt

extension, support skirt, and aft fairing installed. All possible subsystem parts,

such as electrical, thrust vector control, telemetry, etc., are also installed at

this time. After the motor assembly is completed, it is subjected to checkout
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test prior to delivery to the launch pad_ The tests are nondestructive functional

tests for electrical and mechanical systems and will help keep replacement and

repair operations away from the launch site. To reduce launch pad occupancy

time, all of these checkout tests need not be duplicated at the launch site.

3.4.1.3.4 Major Component Fabrication

The clusl_ering assembly of beams and motor case extensions is fabricated in

halves. These halves are shipped to the vehicle assembly site where they are

joined. The clustering beams are riveted assemblies of machined plates. The

motor case extensions are of relatively simple construction and use common

aircraft-type assembly processes. (See Figure 3.4.1-3 for sketch showing

major subassemblies and Figure 3.2.11-3 for detail structure. )

The forward and aft skirt assemblies are also aircraft-type assemblies. Tapered

longerons can be spar-milled from heavy sections or fabricated by welding skin-

Contours of circumferentials are best obtained by stretch forming, while circular

parts can be rolled. Support skirt skins will require press forming or hydraulic

_--'-- forming due to their gage and contour. Other skins can be rolled conically

or cylindrically, (See Figure 3.4.1-4 for typical size and production break

points and Figure 3.2.11-2 for detail structure.)
-±

/

Nozzle fabrication w_s notstudiedfor this vehicle. It is believed that nozzles

represent the greatest fabrication problems due to size, relatively new materials,

and Probabl_ close-tolerance parts. A detailed analysis for production is

recommendecl for future study work.

3.4.1.,3.:5 Manufacturing Development

The manufacturing development program does not require extensive advances

in technology. Most development work is a refinement of existing capabilities

or an:extension of existing programs.

Development work should be expedited by direct coordination between design

engineers, manufacturing engineers, and shop personnel. Table 3.4.1-3 is a

summary of the significant foreseeable problems. A few development areas have
been defined in detail and are described below.

Explosive forming of gore segments and compound curved skins can achieve

production capability in 6 months. This requires maximum effort and availability

of the required facilities. Prior to explosive forming, the blank material is

rough trimmed and roll formed in the longitudinal direction.

Localized heat treatment of welds in 18-percent nickel steel was recently per-

formed in order to determine the mechanical properties. Results show that
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Figure3.4.1-3 FIRST-STAGECLUSTERSTRUCTURESUBASSEMBLIES
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MANUFACTURING DEVELOPMENT TASKS

PROBLEM IDENTIFICATION

Establish basic welding

characteristics of 18-percent

nickel steel

Develop process, tooling,

and equipment design para-

meters for welding opera-

tions on the 260-inch dia-

meter motor case

DEVELOPME NT PLAN

Perform various welding operations on test

specimens of the material. Investigate the

usable gage envelope, joint configuration limita-

tions, filler deposition rates, welding speeds,

shrinkage factors, atmosphere and contamina-

tion control requirements, cooling rate, and
filler rod material.

After completion of material evaluation, esta-

blish the following development programs:

Cylindrical section

longitudinal fusion
welds

Selection of process

Selection of weld posi-:
tion and work piece "

i

/

Joining gore segments and

attachment of cap and Y ring

Fabrication and evaluation of: (1) test speci-

mens in the required gages and joint con-

figurations; (2) subscale test hardware to
simulate the dimensional and functional inter-

relationships of tool, equipment, and part;

and (3) full-scale test hardware where the

scale-up parameters cannot be otherwise

simulated. Emphasis will be given to:

Cost and reliability comparisons of

TIG, MIG, and subarc MIG processes

for each application. For circumferen-

tial welds concentrate on TIG root welds

with MIG on subarc filler passes. Test
specimens and subscale tests will be

required.

Concurrent with the process selection

studies, identify the attitude and degree

of travel for equipment and part that

yield best results with each process.

Establish design criteria for weld fix-

tures and jigs and speed and tracking

tolerances for each work piece rotating

equipment. Establish methods for counter-

acting :uneven puddling action in other

than the down-hand position.

Same as above

Table 3.4.1-3
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MANUFACTURING DEVE LOPMENT TASKS

PROBLEM IDENTIFICATION

Joining cylinder to cylinder

Weld equipment survey and

selection

Weld repair procedures

Investigate the forming char-

acteristics of 18-percent

nickel steel

Determine the best method

for forming case gores (18-

percent nickel steel)

Determine the best method

for fabricating nozzle lining

Develop the processes and

tools for bonding segmented

nozzle lining to steel sup-

port

Determine machining

characteristics of 18-

percent nickel steel

DEVELOPMENT PLAN

Same as above

Survey welding and positioning equipment

manufacturers for equipment with the neces-

sary capabilities and recommend appropri-

ate procurement.

Establish the repairability of 18-percent

nickel steel in each joint configuration with

test specimens. Recommend procedures

where applicable.

Various forming techniques wilt be applied to

subscaie test specimens to determine fabrication

Although present technology indicates the use of

pressed gores to form a welded assembly, other

techniques will be investigated in an effort to

find the most economical forming method. Ef-

fort will be given to spin, explosive, hydrostatic,

and cryogenic forming.

Establish a program to develop the process and

tooling required to mold parts net size. Establish

a test program to develop the process and tool-

ing required to mold parts oversize, cure and

machine or grind to successfully fit the liner to

the steel support structure within bonding require-

ments. Explore the repair capabilities and deter-

mine the feasibility of rework on out-of-tolerance

items.

Assuming bonding can be accomplished success-

fully, a bonded nozzle configuration contributes

to assembly and detail simplicity; determine the

bonding parameters and develop the process to

bond lining to steel. Recommend a tool configura-

tion and its capabilities.

Run new alloy standard test program to gather

data on machining parameters and, by analysis,

determine the characteristics that affect process

planning and tool design.

Table 3.4.1-3 (Cont.)
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MANUFACTURING DEVELOPMENT TASKS

PROBLEM IDENTIFICATION DEVE LOPMENT PLAN

investigatv stress ,-m_vL.......pi_oc -
ess for weld assemblies of 18-

percent nickel steel

E stablish a local age-

hardening process for 18-

percent nickel steel

Sealin_i_'_L_mbal joint of

the no_e-_for minimurn

Investigate bulge forming
of 7075 aluminum skins

 ¥ lop   esses. d tools
for f._rL_t:_g,l_:

hone o 

.........Jr --..1. ----^1^ ,i.^ _,1._1-,.1.'^1. 4.'1-.^

manufacturing process for locally stress re-

l!evingwelds, using induction coils, therm_ite

jacket, oven, etc. Recommend tool co_i_-

rationand capability.

Perform a subscale test program to gather

data on tie time and temperature levels to

obtain various yield strengths of cold-worked

parts. Recommend processes.

.Gather data on O rings, lubricant, and struc-

tural materials used in gimbaled nozzle joints
tn tl_t_T._in,_ _nilf_nhli-ln_ _._mhlxr tnl_r-

ances, alignment, and assembly process.

Perform a subscale test program to establish

feasibility of this process. Determine the

technique and tooling for very large parts.

Process portions of full-size parts to establish

machining, fitting, cleaning, adhesive appli-

cation, and cure process. Recommend tooling

and amount of core crushing.

Table 4.3.1-3 (Cont.)
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local aging of 18-percent nickel material welded in the aged conditioriincreases

the weld strength by about 50 percent to within 5 percent oftlle ful!y aged parent-

material strength. The ........ percent elongation was slightlylower than the

parent material.

3.4. I. 3.6 Direct Manufacturing Manpower

The estimated manufacturing manhours to produce the number one unit booster

components are shpwn in Table 3,4.1-4. Job distribution manhours for the

number one unit booster are also shown.

The manpower estimates are based on the general manufacturing processes,

number of work positions, flow time, weight, and size of the major stage com-

ponents, The motor case and nozzle estimates were factored from data provided

by ot_ companleS_

J. llt_ _; B 6AAti_i,_; -££Aq_ L _tq_q_ O

• A 5-day, two-shift factory operation

• The design andfabrication of one basic set of tooling

• The planning, tooling, and production of hardware for the first stage

• Mauuf_turingde_!opment work in material and process evaluation.
z

The estimate exclud_ij.:...

.. _pellant processing, motoX_:.assembly work, and vehicle assembly
?

• Systems, suchas hydraulic _ electrical, located within the structural

components

• Blanket time and overhead m_mpower required to support factory functions

• Application of insulation.

1;_4 _i'Ltquid SeCond-Stage Ground Rule s and Assumptions3,4.

The foHowinggroundrules and assumptions were made in analyzing the manu-

facturing processes for the seoond stage of the T65 baseline vehicle. This stage

willextend from the fOrward side of the Stage I cluster structure joint tothe

inteff_we With ' the payload. The production breakdown for major stracture is

showninFigure 3.4. I:-5.
.?

The aft ski_ assembly is essentially the first stage-second stage interstage.

Since theclearance between the second-stage engine nozzles and the aft skin

interstage will not allow gimbaling of the engines, this section cannot be installed

prior to static test firing. Also, the height limits of the s_ndard shipping and

handling pailet will not allow skirt installation prior to shipping to AMR. It will

1
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DIRECT MANUFACTURING MANHOURS FOR THE

NUMBER ONE UNIT OF VEHICLE T65

6 Motor Cases

6 Aft Skirts and Fairings

6 Nozzles

6 Forward Skirts

1 Base Heat Protection

1 Clustering Structure

1,130,000

315,000

510,000

215,000

20,000

160_ 000

2,350,000

Production Planning

Tool Design

Tool Fabri_cation

Production

-Development

• .. • ,

65,000

45,000

280,000

1,900,000

50,000

2,350,000

Table 3.4.1-4
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be manufactured by the second-stage contractor, fit checked, disassembled, and

shipped to AMR with the second stage. The skirt will then be reassembled and

installed at AMR.

The forward transtage portion of the forward skirt assembly is integral with the

forward skirt assembly until separation by shaped charge. This portion houses
the transtage propulsion units. It will be fabricated by the second-stage contractor

and will interface with the payload and transtage propulsion unit, which are

manufactured by separate contractors.

A new factory area will be required to handle the 70-foot-diameter vehicle. The

factory location must have access for docking and for water transportation of

completed stages. The new factory will not be ready for erection of assembly

tooling at the start of the contract. Initial tool and production planning, tool

design, and tool and detail part fabrication will be accomplished at other facilities

to reduce total flow time.

The battleship unit will be fabricated at the new facilities. A mockup to master

plumbing and wiring will be fabricated for the battleship engineering design group.

The mockup will coordinate -_-ith a dummy engine and will be the control tool for

plumbing and wiring manufacture. The R&D program will start in 1965-66 and

require approximately 5 years.

The production program will follow the R&D program and last approximately 10

years. The production breakdown and tool design is based on a maximum rate

of 12 vehicles per year.

3.4.1.4.1 Manufacturing Schedules

Number one flow schedules were prepared for initial R&D vehicle units (see

Figure 3.4.1-6). These schedules are considered realistic, but will require

close program management. For program schedules see Section 3.7.

3.4.1.4.2 Tooling Requirements

Tooling must be capable of maintaining tolerances during assembly of very large

components and subassemblies. The tools must be sufficiently durable to provide

service during the preduction of 12 vehicles per year over the assumed 10-year

period.

An assembly sequence has been selected that will allow the greatest amount of

work to bedone in the subassembly positions. This will reduce the number of

more expensive final assembly and joining positions and provide for a higher

rate of fabrication with lowest total tooling cost.
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The production flow for the second stage is shown in Figure 3.4.1-7. Typical

tool lists are shown in Tables 3.4.1-5, 3,4.1-6, and 3.4.1-7.

The master tooling requirements for major items are listed as follows: joint

I-II interstage, joint stage If-payload, joint stage H-transtage propulsion units,

joint M-1 engines and thrust structure, fill and drain connections, plumbing line

connections, and interfaces with vendor package items. A stage mockup will be

fabricated of key areas for plumbing and wiring. This tool will act as master

model for items not subject to a system of master dimensioning. The master

dimensioning system will be used with optical tooling bars and docks to control

large component items not convenient to master tool in the standard methods.

3.4.1.4.3 Fabrication Processes

The fabrication processes for the detail parts of the liquid second stage may all

be selected from existing techniques. Where technology change is foreseen, or

where a more detailed analyAiA miCht rp._,,Itin tha na|af_fJnn nf anc_fha_- n_r_aaa

it is mentioned in the discussion.

Y Rings --The Y rings will be produced in a manner similar to that used on the

Saturn S-IC program except for final machining of the part. The operation is

detailed in Figure 3.4.1-8. The spar-mill approach was selected because of the

advantage over vertical bore milling of having a tool cutter moving over a fixed

part. This:method allows for maohining variable cross sections at welded junc-

tures_th_, mi_aum-weight design. Flow time for fabrication and setup
of tbiSlt_i_S s_0rtestbecause much of the required equipment is off the shelf

and _0"_ of standard tooling, A 20-year background of experience exists

at some aerospace companies that can be used with this method. The selected

method has minimum technical risk and shortest flow time per piece.

Use of anticiPated iadvances in electron-beam welding with portable vacuum

chambers could be used to join the ring. This might also permit a second

method of fabrication in which the ring segments would be machined, rolled, and

then joined.: S_|ectloa of this method would depend on the weld shrinkage

engendered by electron-beam welding and development of a suitable technique.

Tank Wall Skins --The tank wall skins will be fabricated as shown in

Figure 3.4.1-9. The forming tolerances will be controlled with contour tem-

plates, Maximum,size pieces Will be used to minimize weIding.

The forming of skins in which deep integral stiffeners have been machined will

require some development work. Research in this area is being pursued on the

SaturnS-IC program, and the results will be available for the NOVA manufacturing
effort.
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Tank Head Segments--The tank head gores will be bulge formed from sheets

that have been machined to leave buildups for weld land area and fittings. The

closeout cap will be spin-formed (see Figure 3.4.10). The use of explosive

forming techniques may be desirable for gore forming and should be investigated

more thoroughly than was done during the study. This may result in better

quality parts and less expensive tooling.

Structure (Other Than Tanks) --Details of structure other than tanks will be

similar to components that have been produced by the airframe industry for

many years. The required processes have been defined generally in Figures

3.4.1-11, -12, and -13. A major problem--part size--complicates handling.

Plumbing, Fittings, Wiring m Miscellaneous material for the sensitive intercon-

nections between major assemblies of the liquid stage will be readily producible

using techniques well known to the industry.

3.4. i. 4.4 Assembly Methods

The assembly methods proposed for the liquid second stage are discussed under

the categories of subassembly, final assembly, test, and integration. To fully
appreciate the significance of the task involved, it should be remembered that

almost all subassemblies are at least 70 feet in diameter and that their weight

is up to 15 tons, that the LH 2 tankage weighs 60 tons, the LO 2 tankage 45 tons,

and that total stage structural weight is 145 tons. This presents the requirement

that all jigs and all handling equipment be of rigid construction. The assembly

methods must be selected to allow for minimum transfer of parts during the

manufacturing process. The manufacturing flow is illustrated in Figure 3.4.1-7.

Subassembly raThe structure has been sequenced into subassemblies of heads,

sidewall hoops, slosh suppression panels, and external structure assemblies.

These are discussed more fully below.

Head Subassembly---The head subassembly operation has been detailed in

Figure 3.4.1-10, It is proposed that the slosh suppression details be installed

prior to headassembly. While this will create some problems in joining the

hoop assemblies, itwill allow maximum completion in the subassembly position

and will permit more thorough cleaning after the baffles are installed. It will

also reduce the dm0unt of scaffolding required during baffle installation.

The heads will be tested and clean_l after assembly. Testing at this point is

desirable as detection of failure will result in less rework problems than would

detection of failure after tank assembly. This operation may be discontinued
after experience is gained in the production processes and more confidence is

warranted in the welded joints.
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Sidewall Hoops Subassembly raThe tank wall hoops will be formed from relatively

short rolled segments in a floor assembly jig (illustrated in Figure 3.4.1-9).

Coordination of the hoops will be maintained through circumference control with

pi tape check. The top and bottom interfaces will be kept plane with a level check.

After completion of welding, the welds will be inspected and stress relieved.

Slosh suppression structure will be installed and the assembly will then be
cleaned.

A second assembly method that was considered consisted of joining the skin seg-

ments before forming, machining the waffle in that fiat, and then forming the

long sheet into the desired hoop. The advantages and disadvantages of each

method are indicated in Table 3.4.1-8, It was decided that no significant savings

could be anticipated through use of the latter method and the former was adopted.

Slosh Suppression Panels --The slosh suppression structure will be formed into

subassemblies that can be installed into the head and tank sidewall subassemblies

with minimum work. These parts are of ordinary, airframe structure and will

involve no unusual treatment except that a high degree of cleanline_ must be

maintained during assembly and that all parts must be thoroughly bIeaned after
assembly.

External Structure Assemblies--The structure assemblies that are not pressure

vessels will consist of the thrust structure, the intertank structure, the aft skirt

(or interstage), the forward skirt, and the LO2 tank skirt. The assembly of

theseStructures will involve no techniques that are new to the airframe industry.

Adeqttate/_eaffolding must be provided in each case and in some instances (e. g.,

the intertank structure), rather large scaffolds will be required. Methods of

assembly are indicated in a general way in Figures 3.4.1-12 and 3.4.1-13,

Final Assembly -- Final assembly of the tank was defined as the closeout of the

welded subassemblies for the LO2 and the LH2 tank. The two tanks are 'quite

similar, and the LO2 tank assembly will be discussed only as it differs from the

LH2 tank assembly.

The assembly sequence and production breaks that were selected for the final

assemb!y of the tanks resulted from both reliability and producibility considera-

tions. ;It was decided that, since the circumferential welds have less pressure-

created stress than the longitudinal welds, they should be the closeout welds.

(This reasoning assumes that longitudinal welds may be inspected more effectively
in the subassembly position.) The assembly sequence further allows trim of

head and sidewall hoop assemblies to correct for mismatch at final assembly.

Consequently, the mismatch of detail parts will not be as critical; this will per-

mit looser tolerances during fabrication. Critical coordination will also be

reduced to circumferential control and maintaining planar conditions between

subassembly interfaces.
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COMPARISON OF TANK WALL HOOP ASSEMBLY METHODS

SHORT SHEETS

(Machined, Formed, Then Welded),

Advantages:

1. Smaller Pieces

2. Can check hoop accuracy prior to

weld

3. Can machine final tolerances

after rolling and welding

4. Less storage area required

for details

5. Easier if brake forming method
is used

LONG SHEETS

(Welded Together, Machined, Then

Formed)

Advantage s:

1. Fewer interfaces when welding

hoop

2. Can weld most of hoop in flat in

down-hand position

3. Can stress relieve most of hoop
in flat

4. Inspection of welds easier

5. Can do all machining on skin mill

(stiffeners, edge trim, we!d prep-

aration)

6. Welded in free position

7. Less tooling required for assembly

I. More_Interfaces when fixturing

weldinghoop

2. Welded in position allowing

stress in hoop due to weld

3. afterroll g
4. trim, and stress

o

:ii!r L_, - _

Disadvantage s:

1. 10-ton piece to handle while mach-

ining and forming

2. Must roll weld areas (subject to

cracking)

3. Need second weld fixture for last

weld

4. Larger storage area required

5. More difficult to check hoop before
final weld

Table 3.4.1-8
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LH2 Tank Assembly --The LH2 tank can be assembled in a vertical jig in an

operation similar to that proposed for Saturn S-IC. The major variance from

Saturn will be in part size. The tank assembly operation is shown in Figure

3.4.1-14. The internal drilling and riveting operations required during final

assembly will be done under stringent cleanliness specifications, and the hand

tools will be provided with vacuum suction attachments to reduce chip dissemi-

nation to a minimum. Internal work platforms can be the hydraulic elevator type

that adjust to the work level required. Work platforms for final aft head closeout

will be of the portable type.

The decision to use a vertical rather than horizontal assembly jig for tank assem-

bly was based on the fact that this procedure eliminates gravity side effects.

This will be of considerable importance in assembling so large a structure. The

method will also allow almost all final assembly operations at one level, thus

permitting constant equipment settings for welding, placing workmen at the lowest

possible level for greater safety, and creating a better situation for operation

LO2 Tank Assembly--LO 2 tank assembly will require only that the closeout weld

be made joining the Y rings of the two head subassemblies. This will be done in

much the same manner as that described for the LH 2 tank. Since LO 2 is very

sensitive to the presence of organic matter, stringent operating specifications

will be required to prevent contamination of the tank. A complication that must

be considei_d in assembling the LO 2 tank is the provision of tunneling for the

LH2 transfer plumbing, Fittings for this tunneling must be coordinated throughout

the manufacturing Operation.

Hydros t_i_ Test --The tanks will be hydrostatic proof tested in a special test

facility in a vertical attitude. Noted failures will be repaired and the tank

retested. The tanks will then be cleaned before vehicle integration. A special

hydrostatic test tank will be required. It must simulate the static head of LH 2

by external pressure tothe LH 2 tank. This will be a problem area.

Stage Integration---The stage will be integrated in a vertical assembly facility.

The operation will consist of mating the two tanks with the external structural

assemb!les and installation of the plumbing, electrical and electronic equipment,

and inmflattom Minor assemblies and engines will be installed after the inte-

gratedstage tSt_ferred to a reusable GSE handling pallet. This pallet will

accompauy the stagethroughout the test operations and will also have provisions

to hol_l the interstage structure when the stage, dolly, and interstage are shipped

to AMR (see FigUre3:, 4.1-15).

Manufacturing Test--The complete flight stage will be tested with all possible

systems installed. The test will require production-type test equipment and test

procedures. The tests will be functional nondestructive quality control tests for

electrical and mechanical systems and will be conducted at the stage assembly
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site. The tests will be repeated, as required, after necessary refurbishment

and repair following firing tests. The development program will establish

procedures and acceptance limits.

3.4, 1.4.5 Manufacturing Development Requirements

The list of foreseeable manufacturing technology problems tends to emphasize

welding •and forming operations on the structure. The development task is defined
as a scale-up of Saturn V technology. It is reasonable to expect that the scale-up

task will require considerable development effort and that the development

schedule will be influenced by the progress of the Saturn effort.

The forming technology development program includes the forming of head gores

and integrally stiffened tank wall skins. Long lead time equipment items may

require purchase prior to R&D contract award to meet parts fabrication schedules.

........... logy--"' '- ............ lop .............i [m wwu_ techno wi_ uv a direct extension ol oa_U_'LL dove merit pru_am_.

Although the tank material is the same (2219 aluminum alloy), the production parts

are much larger, and some development work is required to verify the processes.

Likewise, the cleaning of cryogenic tanks and lines will depend heavily upon

technology developed on Saturn. Changes in internal baffle configuration and line

routing, and the increased size of the assemblies in general, will require a

review of cleaning technology.

To place each of the individual development tasks in the proper perspective, a

more compiete identification of the problem and an approach to achieving the

most promising solution are provided in Table 3.4.1-9.

3.4.2 Manufacturing Facilities

3.4.2.1 Introduction

The extreme •size of the NOVA vehicle will create extensive manufacturing facility

(building aud equipment) requirements because many operations exceed the capa-

bility of: existing facilities. Another difficulty will be that certain operations could

be performed in existing facilities but the product would be too large to be shipped
to the laLmch Site or next location for integration with other parts of the vehicle.

In spite ofthese difficulties, there are many parts of the vehicle that may be

manuf_Lctured in existing facilities and shipped to new facilities wherethey will be

incorpolrated:into larger units. In addition, existing facilities and workaround

methods will have to be used in some cases early in the program to prevent

delays while more efficient and effective new facilities are provided.

3.4.2.2 Summary

The facilities required for this program will be a combination of existing and

new facilities as outlined in the Introduction. Maximum use will be made of
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DEVELOPMENT TASKS

PROBLEM IDENTIFICATION DEVELOPMENT PLAN

Electron-beam weld

Weld joint sensing

Weld joint edge preparation

Adaptation of weld equipment

to assembly tooling

Weld repair

Clean LO2 and LH2 tanks

and lines to cryogenic

requirements

Equipment and fixtures for

machining 70.foot-diameter

Y ring

Forming Of tank gores

Determine applicability of electron-beam

welding to Y-ring fabrication

Survey and analyze marketed joint sensing

equipment for its adaptability to joint

configurations.

Determine the optimum weld joint edge

preparation for the joint configurations used.

Determine weld shrinkage factors that affect

detail fabrication and tool design. Establish

weld schedules for the material gages in the

design.

Determine trackage and carriage adaptability

of equipment. Determine the control and

adjustment required to produce acceptable

welds. Develop backup and chill bar

configurations. Investigate the warpage

problems and determine fit-up condition

providing the best weld latitude.

Investigate possible defects and determine

the factors that lead to successful repair

of these defects. Develop weld bead

removal procedures.

Establish requirements for closed-cycle

cleaning equipment, evaluate various spray

heads, fittings, filters, etc., and investigate

methods of maintaining cleanliness of

completed parts.

Design and lay out Y-ring spar milling

machine.

Determine, through a development test

program, the bulge-form tool requirements

to size tank gores.

Table 3.4.1-9
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DEVELOPMENT TASKS

PROBLEM _ENTIFICATION DEVELOPMENT PLAN

Forming equipment

Form 10-foot-diameter

tank polar domes

Weld equipment evaluation

Weld area stress relief

Fabrication and installation

of insulation

Determine the most economical types and

the quantities of equipment required to form

large structural components.

Tooling requirements and the number of

stages will be determined. Subscale tests

will be run to establish and confirm forming

parameters.

Survey and analyze available equipment.

Determine the equipment most suitable
for needs.

Determine methods of obtaining optimum

relief of stress in weld joints.

Determine processing requirements for

fabricating insulating panels, investigate

assembly techniques.

Table 3.4.1-9 (Cont.)
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existing facilities to reduce program cost, to make use of existing organizations

and prevent relocation of manpower, and to prevent delays encountered in

obtaining new facilities. The first-stage clustering structure and skirts may be

made in existing facilities because they can be shipped in sections and reassembled

later. Transtage propulsion systems and TVC systems are within the size that

they can be furnished from existing facilities. While some supplementary equip-
ment items will be required, first-stage motor cases and nozzles can be furnished

from existing facilities.

New facilities will be required for first-stage motor manufacturing, second-

stage manufacturing, and second-stage engine manufacturing. In all cases, the

products are of the size or weight that they exceed the capability of existing

facilities andrequire access to water transportation systems for movement to
the launch and test sites.

3.4.2.3 First stage

Items to be manufactured for the first stage are the motors, motor cases, noz-

zles, clustering structure, skirts, and thrust-vector-control system (TVC).
The size of the TVC components are such that they can be manufactured in exist-

ing facilities and shipped by rail or highway to the various assembly locations.

The clustering structure and skirts are basic aircraft-type structural components

that do not require new facilities for fabrication and assembly. The assemblies,

however_ are too large to ship by conventional means as unit items; they must be
secttonalized and reassembled at their destination.

The first-stage motor cases are extremely large and heavy items that will require

barge shipment tot he motor manufacturing plant. The fabrication and assembly

of the cases is within the basic capability of a number of existing ship-building

facilities. These plants have the large buildings with heavy crane coverage, the

water shipping access, and much of the fabricating equipment required for manu-

facturing these cases. Existing facilities, with some limited equipment additions,

will be capable of manufacturing the battleship cases and early test cases using
workaround me/hods. Considerable additional equipment, such as automatic

welding, heat treating, and special forming and machining equipment, will be

required to make the large quantity of improved flight cases required later in the

program, Peak production rates may require that more than one source be used

for thiS phase ofthe program or that an assembly plant be supported by other

plants Imrformingfabrication or subassembly operation. A list of new equip-

ment_requ!rements is provided in Table 3.4.2-1.

The nozzle for the first-stage motor can be manufactured in a number of exist-

ing facilities, but it will require transportation by water to the motor manufactur-

ing plant. Present methods of manufacturing will require the addition of a large

autoclave for bonding the ablative lining, since no facility of this size is available
now.,
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SOLID NOVA STUDY--PHASE IH

First-Stage Motor Case

Major Manufacturing Equipment

Item

Pressure Test Facility Complete,_ test pres-

sure, 800 psi with hot-air _supply for case

drying (one position) for 260-inchdiameter

Spray Facility (paint and Oil) Complete (one

position) for 260-inch diameter

Vertical Boring Mill, 25-foot diameter 12-foot

clearance with two heads and tracer attachment

Vertical Boring Mill, 16-foot diameter 10-foot

clearance with two heads and tracer attachment

Radial Drill Press, 96-inch arm

Portable Radial Drill Press, 72-inch arm

Oxyacetylene Cutting Facility, with cutting

table for 12-foot by 70-f00t plates and four

gantry-mounted aUt_matic cutting heads com-
plete With accesso_

Press _, Meehahical or Hydraulic, i2-foot,

o. 750c ity

Power Bending Roils, 12 feet long, 0. 750-inch

plate roll to 260-inch diameter

Bulge-Forming Facility, complete with hydraulic

power source, ram, die bed, and all supporting

struc tt_s J'_)r 0, 3g0-inch plate 11.3 feet, 7.7

feet by 9f_etto 260-inch diameter (gored dome

sect a )i :

complete with recovery sys-

nozzles

one n0z !e

r_f_r Aging M_ Steel,

part size_feet by 25
feet by_i_O-feet " -

BOom.i_pulat0r , with 500-amp _U_0matic MIG

weldi_'i_,head 30 feet horizontal • travel, 30-foot

Ver_al!_avei, complete with pow_ supply

Table 3.4.2-1
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Quantity

(5/Mo Rate)

1

15

15

Lead Time

(Weeks)

29

22

73

61

25

25

22

32

24

52

24

8

58

37
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SOLID NOVA STUDY--PHASE IH

First-Stage Motor Case

Major Manufacturing Equipment

Item

500-Amp Automatic MIG Welding Head Mounted

on Radiagraph, complete with power supply 12-
foot vertical travel and track

Manual TIG Welder, 500-amp, complete with

power source

Power Driven Tm_k +Rolls, .for 260-inch dia-

meter tanks synchronized drive full length

Weight and Balance Facilityfor Case, 260-

inch diameter

Portable Milling Heads, 3-inch cutter with

travel carriage and track

Portable Drill Head, 1-inch diameter capa-

city drill and tap, broken arm 12-foot mag-

netic+ base

Ind_!iC0!ls anod+Power Soarce for Aging
Weld+-_Areas, _900 F for three hours (internal
and external 'coils)

Quantity

(5/Mo Rate)

4O

10

25

10

24

Lead Time

.(Weeks)

24

12

31

19

25

36

First-Stage Nozzle

Autoclave for Plastic Bonding, 350°F, 300

psi, part size 25-foot diameter by 25 feet

long 52

Table 3.4. 2-1 (Cont.)

IV'134



D2-22431-IV

Complete new motor manufacturing _facilities will be required for this program.

It is anticipated that one or more research facilities will be constructed for the

260-inch demonstration program that will have the capability of satisfying the

initial requirements for this program. These facilities will have to be expanded

considerably early in the program to provide the capability of handling the pro-

duction rates. The facilities required for motor manufacturing will be:

• A case processing facility where motor cases will be cleaned and the lining

andinsulation installed; here also, other inert operations such as mandrel
preparation and maintenance will be performed;

• Raw material preparation facilities for the fuel and oxidizer will be required

alongwith storage facilities for these materials;

• Pr01_/tlant m_ng facilities;

• f ilities;

• Motor finishing_facilities were nozzle installation and other operations prior
to shipping the motor wilt be performed;

• Static firing facilities for full-scale single motors.

The motor manufacturing plant will _be designed to incorporate the basic handling

scheme developed for the first-stage motors. After all operations are performed

at this,plant, the motor on its strongback will be loaded upon a barge for transfer

to the _l_-moto_ substageassembly facility.
i_ i_

The solid-_motor substage assembly facility will be provided along the waterway

enroute from the motor manufacturing plant to the launch site. Here motors

will have U_e lower-skirt, thrust-vector-control system, instrumentation, and

other accessories installed to complete all operations that may be performed

prior to erection of the motor at the launch site. Motors will be stored at this

site in their environmental containers until required at the launch site. To

accommodate the peak requirements for the Mars mission without building

excess productive capacity, storage facilities for 39 motors will be required.

The solid-motor substage assembly facility will consist of dock facilities for

receiving and shipping the motors, individual hazardous work buildings, an

inert material r_eiving inspection,and work building, office and site support

facilities, and motor storage facilities. Throughout this facility the motor will

be handled horizuntally on its strongback using the first-stage motor handling

scheme. A schematic diagram of this facility is provided as Figure 3.4.2-1.

3.4.2.4 Second Sf_age

Second-stage manufacturing facilities consist primarily of the M-1 engine manu-

facturing facilities and the stage structure manufacturing facilities. New facilities

for both of these items will be required. No data is available for the engine

facilities; however, it can be assumed that large machining equipment located

in a high bay crane-covered building will be required. In addition, extensive
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000 O. I;3 STORAGE POSITIONS 0

INERT OMANUFACTURING

OFFICE

SLIPS

WATERWAY

Figure3.4. 2-1 SOLIDMOTORSUBSTAGEASSEMBLYFACILITY

IV" ,136



D2-22431-IV

engine test facilities will be required. These facilities will require access to a

navigable waterway for all off-site transportation.

The second-stage manufacturing facility will be a unique facility having large

high bay crane-covered areas for subassembly operations and an extremely high

bay heavy-crane-covered area for final assembly, hydrostatic test and cleaning,

and refurbishing of the large liquid stage. This facility would be similar to, but

larger than, the facility provided at Miehoud for the S-IC. Like the S-IC, maxi-

mum use of existing facilities would be made for tooling and fabrication support.

However, when the part or assembly size exceeds the capability of existing

facilities or transportation methods, the function would be performed at the new

facility. Construction of this plant will have to precede manufacturing of the

stage since no existing facilities or workaround methods can be substituted for

even the earliest stages. Because the size of this facility and the equipment

providod In it are specifically provided to accommodate the large diameter

(and length) of this stage, these facilities will also be used to manufacture the

first stage-second stage interstage and transtage structure, which are also of

this diameter. A schematic layout of this plant showing floor area, building

heights, and crane capacities is provided in Figure 3.4.2-2. A list of major

capital equipment requirements is included in Table 3.4.2-2.

3.4.2.5 Transtage

Most:?fthe components of the transtage propulsion system are of the size that

they can be produced by existing facilities. This includes engines, tanks,

plumbing, and accessory hardware. Existing engine test facilities are also

capable of accommodating this system. The size of the stage structure, how-

ever, is the same as the major diameter of the vehicle and will, therefore, be

manufactured at the second-stage manufacturing plant. Transtage propulsion

units will be shipped to the Cape for installation in the structure.
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SOLID NOVA VEHICLE

SECOND STAGE FACILITY

HIGHWAY

OFFICE AND LABORATORY BUILDING

MAI_3ACTURING BUILDING
I FEET

FABRICATION, RECEIVING & STORES

_!32S,000SQ. FT. *(30 FT. & 20 TON)

SUB-ASSEMBLY

475,000 SQ. FT. e(60 FT. & 50 TON)

500,000 SQ. FT. *(60 FT. & 100 TON)

::,. FINAL ASSEMBLY AND TEST

200,tO00 SQ. F_,,*(_220 FT. & 250 TON)

*(CRANE HOOK HEIGHT AND CAPACITY)

I

DOCK WATERWAY

W

• RAILROAD

Figure3.4.2-2 SECOND-STAGEFACILITY
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SOLID NOVA STUDY- PHASE III

Second Stage

Major Manufacturing Equipment

Item

Skin Mill N.C. Multiple Spindle (6)., 12-

by 80-foot bed with vacuum chuck

Automatic Deburring Facility, for 36 parts

10 by 25 feet and I76 12- by 15-foot parts

per month

Bulg0 Formhlg Facility, complete with three

die posi_10nsfor gores 12 feet by 15 feet by
2 inches atmninum

Spin Lathe, 12-foot diameter for 2-inch
aluminum

Aluminum Chemical Mill Facility, vertical,
for 12-foot-diameter head

Automatic MIG Welder, 500-amp, complete

with power supply, wire feed to be mounted on

contra_t_tooling

Plate KOlls, for 12-foot width, 2-inch-thick

aluminum

Milling Head for Edge

Radiant Heat Source Bank, 10 feet long for
weld stress relief

Vertical Boring Mill, 75 -foot-diameter (tool

fabrication and Y-rlng machining)

Radiant Heat Source Bank, 24 inches long, for
weld stress relief

X-ray Equipment for Weld InspeCtion

Electron-Beam Welder, 30kw for Y-ring

welding

Weight and Balance Facility Detail Parts and
Assemblies

Hydrostatic Test and Cryogenic Cleaning Facility,

vertical positions, assembled, tank 70-foot dia-

meter by 200 feet high

Table 3.4.2-2

Quantity

(1/Mo Rate)

18

1

16

2

Lead Time

(Weeks)

64

23

52

52

44

22

30

18

18

72

18

38

22

32

52
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SOLID NOVA STUDY- PHASE III

Second Stage

Major Manufacturing Equipment

Item

Cryogenic Cleaning Facility for Plumbing, with

pressure test .equipment, approximate maximum

pipe size 35-inch diameter by 100 feet long

Painting Facility Complete, vertical

.70:,fo0. t diameter.by 200 feet high position

.50_- .by 50-_foot position

Weight:and Balance _Facility, poalt_on 70 by
200 feet

Cleaning Facility, for detail parts prior to

assembly, bonding and welding maximum part

size 12 by 25 feet, 500 per month plus detail

structural parts

Curing Oven, 15 by 15 by 30 feet long for bonding,
including Vacuum source

Froon..._er _Pneumatic Test- Cart

Hydraulic Test Bench

Quantity

(1/Mo Rate)

1

2

3

10

2

Lead Time

(Weeks)

44

42

42

32

44

28

11

20

Table 3.4.2-2 (Cont.)
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3.5 RELIABILITY

3.5.1 Introduction

Reliability studies have been conducted to:

• Determine the major areas of unreliability in solid-and liquid-propellant

stages
: 4

• Assess the reliability of the T6SD vehicle configuration

• Develop a plan by which reliability objectives can be achieved.

The T6 _I_ ,velitcle:configuration is shown in Section 3.2.11, Figure 3.2.11-1

The T65i_Cte, _Cause 0f itssize and performance, Will require the develop-

ment o_ i_:_ge am0un_ of new eqii!pment, manufacturing and handling technique,

necessary to attain the program objectives. Consequently, there is a require-

ment for an extensive reliability effort in all areas of design, manufacturing,

test, and use. Since much of the equipment to be developed will require re!ia-

bility improvement over present levels, a reliability program with much more

scope, anddepth must be implemented.

3.5.2L  mary= i
, ,.. _. y_ _ _ :_.._,_ :_.._* -_.-, _

The flight bysubsystem,for solidfirst stagesand
sec_:_tage_i, _!was determinedby:analyzing the flight failure data from existing
systems, _' St was found that.propulsion and thrust vector control systems have

beerLthe'raaj_ _sources of flight failures. The liquid-propellant stages have

experienced a higher percentage Of failure than have the solid-propellant stages.

The assessed reliability of the T65D configuration is somewhat higher than can

be pr.edi'et_d-on the _basis of historical data alone. This higher reliability is ex-

pect_d/'_:rt_t0f additional, time for advancements in technology, additional

launc_r_tloa0,e, Zporience, andincreased emphasis on system reliability. The

asse_ re_labilft_ranges from an initialvalue of O.45 to an ultimate value of

O. isproposed which is modeled after those being

Particular emphasis is placed on reliability

_aiow-densi:tydevelopment and test program.

The reliability _uation uses historic al data, manufacturer' s te st and analytic al

data, and other auaiyUcal studies in the derivation of reliability assessments for

the _65D. A m or_comprehensivetreatment of the methodology and logic used in

performing the a_ysis is described in Boeing document D2-20500, "Study of

Larg e Launch Vehicles Utilizing Solid Propellants," Volume IV.
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D2-22431-IV

The method of analysis used involved examination of the distribution and types of

failures which have occurred in flights of ballistic missile and space launch

vehicles. Those subsystems that were shown historically to have been major

areas of unreliability on current vehicles were analyzed and areas of possible

improvement considered for T65D reliability predictions. These areas included

advancement in technology and reliability growth as the result of experience with

other vehicle systems. The overall T65D vehicle was assessed to include these

improvements, Reliability growth was predicted from trends experienced on

existing systems.

3.5.3. i. 1 Background Data

Historical data used inthe analysis was derived from experience with Titan I,

Atlas, Agena, ThOr. JUpiter, Redstone, and Able for liquid-propellant systems,

Polaris, Minuteman, Scout, and Pershing data were u_ed for solid-propellant

systems.

Analytical and test data were provided by Aerojet-General Corporation. Some of

the Aerojet data are contained in "Final Report Failure Warning System for

Large Solid Rockets," Report Number 0588-01F. Other inputs were provided

informally, Boeing studies (D2-20500, "Large Launch Vehicles Utilizing Solid

Prop_lants," and SSD,TDR-62-144, "Large Launch Vehicles Using Solid First

Stages,") were alsoused as source material.

The fo!!owi_g guidlines pertinent to reliability assessment and program schedule
were used where applicable.

• The M-1 engine reliability goal of 0.99 at the end of qualification testing will

be used in the reliability assessment of the flight vehicle.

• Vehicle flight reliability must be 0.75 before operational program impie-

mentation.

3.5.3:!. 2,,, Limitation s of Data

Avallablo datacann_t.be applied directly to the NOVA vehicle design for a number

of r_. Flight data is mostly c0nfined to ballistic missiles and missile

boosters_odtfled for space mission launches. The missi:le boosters were de-

sign_ fo_ obJ_iV_s other than those which must be emphasized for space vehicles.

Mo_edmi_siie _s_rs are specially selected and do not_ fall within the

category Of production articles.

The number of liquid,propellant second-stage flights is small. The total number

of flights of all types:of upper stages has been about 120. Liquid propellants

usedtodate are LO2/RP-1, IRFNA/UDMH, and similar propellants. Only one

flight has been attempted with an L02/LH 2 second stage.
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Available flighttest data on solid systems was limitedto 178 flightsof Polaris,

Minuteman, Scout, and Pershing. Flightdata on large solid motors does not

exist at this time. Emphasis was placed on the flightfailures experienced in

the firststage of current vehicles.

3.5.3. I.3 Distribution of Flight Failures

Liquid-second-stage reIiabilities have ranged from 70 percent for the Titan I to

90 percent for the Able. The lower 90 percent confidence limit has ranged from

59 percent for Titan I to 80 percent for Able. The average flight reliability for

the 120 second stages is about 79 percent. This compares to an average flight

reliability of about 75 percent for the 427 liquid first stages.

Solid-first-stagereliabilitiesrange from 81 percent for Polaris to 97 percent

for Pershing. The lower 90 percent confidence limit is 75 percent for Polaris

and 89 percent for Pershing. The average flightreliabilityis 87 percent for

The distribution of flight failures by subsystem is tabulated in Table 3.5.3-1 for

all stages. The ,.s_._1+_-;asystems contained in the survey were t__.. Titan, Atlas,

Redstone, Jupiter, Thor, Able, and Agena stages. The solid systems consist

of the Minuteman, Polaris, Scout, and Pershing stages. A comparison of the

flight experience shows that the liquid stages have experienced a higher percen-

tage faiiure in all subsystems except the mechanical thrust-vector-control sub-

system. Propulsion;m_nd control systems have accounted for 82 percent of all
failures tnthe solid stages and 67 percent of all failures in the liquid stages,

DISTRIBUTION OF FLIGHT FAILURES (ALL STAGES)

Subsystem

Structure

Control System (electrical)

Propuision

Propellant Feed

ThrustVector Control (mechanical)

Separation

Electrical

Ground Support Equipment

Guidance

Unknown

IN PERCENT OF TOTAL FLIGHTS

Solid Propellant

Stages

m--

3.2%

8.0%
m--

2.9%

0.5%
o. 8%

1.8%

Liquid-Propellant

Stages

1.4%

4.7%

6.9%
5.3%
1.0%
1.4%
1.0%
1.7%

3.3%

Total Flights 372 565

Table 3.5.3-1
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The distribution of flight failures by subsystem for solid first stages and liquid

second stages is tabulated in Table 3.5.3-2. The table includes first-stage

flights of Polaris, Minuteman, Scout, and Pershing and second-stage flights of

Agena, Able, and Titan I. A higher percentage of failure was experienced in the

liquid stages than in the solid stages. The propulsion and control systems

accounted for 95 percent of all failures on the solid stages and 84 percent of all
failures on the liquid stages.

DISTRIBUTION OF FLIGHT FAILURES (INDIVIDUAL STAGES)

Subsystem

Structure _

Control::S_stem (e_eetrica!)

Propulsion " •

Thrust Vector Control (mechanical)
Separation

Ground Support Equipment
Guidance

unlmown _:

IN PERCENT OF TOTAL FLIGHTS

Solid Propellant Liquid-Propellant

First Stage Second Stage

1.1% 1.7%

5.0% 6.7%

-- 4.2%

5.6% 3.3%

-- 0.8%

-- z. _o

-- 0. s%

0.6% --

Total Flights 178 120

Table 3.5.3-2

3.5.3, i, 4 Reliability Growth Experience

The reliability growth of solid first stages and liquid second stages was investigated

to establish the growth trends of existing stages. The Minuteman, Scout, Polaris,

and Pershing first stages were used to represent the solids; the Able, Agena, and

Titanl isecond stages were used to represent the liquids.

The solid,first-stage growth is shown in Figure 3.5.3-1 as a percent of success-

ful launches. The success ratio of the Polaris stage shows a rapid growth from

0 percent at five launches to 50 percent at 10 launches. Growth continues to an

80 percent at 45 launches and remains fairly stable beyond this point. The other

solid stages experience success initially, each experiencing only one failure in
the quantity of launches for which:data were available.

The liquid-second-stage growth is shown in Figure 3.5.3-2 as a percent of

successful launches. The liquid stages experienced less success than did the

solid stages. The Able stage has experienced the most success, having only

three failures in 32 flights. The Titan I started high initially while the Agena

IV-144
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started low. The Agena stage experienced a 70-percent success in the first 10

flights while the Titan I stage experienced a 60-percent success.

Comparing the growth of the solid and liquid stages we find that, with the excep-

tion of the Polaris, solids have experienced higher initial success ratios than

have the liquids.

3.5.3.2 Reliability Assessment

The flight reliability of the vehicle systems was assessed using historical data,

manufacturers' data, and NASA ground rules. Assessments were made for the

initial and tenth flight. The increase in reliabilityffrom the first to tenth flight

is attributed to design improvements, operating experience, and refinement of

the manufacture, test, and launch operations procedures.

Reliability assessments for the T65D vehicle systems are shown in Table 3.5.3-3.

The total ---_'-'-w,,._._--'-_:''- -'- "_ .... _ the -- - : -"-- -_ .... _- _ '.L I_,LJ.U, kIJ.LLt,.Y L_ tJJ.t_ _u1UuWU L u1 1 _I_L;cILL)LJLIm_ U£

systems.

RE LIABILITY ASSESSMENTS FOR THE

T65D VEHICLE CONFIGURATION

First_ Systems : First Flight

Prot_ls_ (six 260zinch-diameter motors) 0.854

Thrus_::Vector Control (mechanical) 0.944

Controt and Electrical 0.950

Instrumentation 0.985

Structtwe/Separ aUon 0.990

Retrorockets (eight) 0.960

Second-Stage systems

stage Total 0.717

Propulsion .(Five M-1 engines)
Propellant Feed and Pressurization

Thrust Vector Control (mechanical)

Control and Electrical

InstrumentatiOn

Structure/Separation

Ullage Motors (four)

Retrorockets (four)

Stage Total

Transtage

0.815

0.935

0.985

0.940

0.980

0.970

0.980

0.98O

0.644

0.972

Vehicle Total 0. 449

Tenth Flight

0. 970

0.976

0.980

0.990

0.992

0. 983

O. 896

0.941

0. 965

0.988

0.975

0.985

0.980

0.990

0.990

0. 812

0. 980

0.713

Table 3.5.3-3
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Propulsion Syste m --The observed*flight success ratio has been 0.95 for first-

stage solid motors and 0.93 for second-stage liquid engines. Manufacturers have

predicted an initial solid-motor flight reliability of 0.97+, and an initial M-1 engine

flight reliability of 0.96. The M-1 engine value is based on the M-1 engine devel-

opment schedule and current liquid-rocket-engine reliability goals. The M-1

engine will achieve a reliability of 0.99 prior to the initial operational capability

of the vehicle system,

Propellant Feed System--Historically, propellant feed systems have shown

success ratios ranging from 0.92 to 0.97. The propellant feed system for the

liquid second stage is predicted to have an initial value of 0. 935. This is slightly
higher than the lowest observed value.

Thrust Vector Control System- The thrust vector control (TVC) system for both

liquid and solid propulsion units has been one of the major sources of flight failures.

The reliability of the TVC system is dependent on the control requirements of the

ment requirements in either the solid or the liquid stages. In addition, consider-

able experience with gimbaled systems for liquid solid motors and the M-1 engine

..,_1,,,,,be acquircd prior to +_-_,,_first NOVA launch. _'_-^-^_^_-.,_w_,improved __,:^L_L._uHity.

of the TVC system is predicted for the T65D, with the liquid system showing the

most improvement.

Con_!. and Electric_!fiystem_ __ Historically, the control and electrical sys-

tema:_ebeen.a ma_0ri_ source'0f flight failures in both the liquid and solid stages.

Future improvements in electronic technology will result in a trend toward higher
relia_ilitles. Howevel, the control and electrical systems for this vehicle will be

mor6complex than current systems. Accordingly, the initial reliability of these

systems iS predicted to be 0.95 for the solid stage and 0.94 for the liquid stage.

These values are comparable to those for existing vehicles.

!nstru_,entation System _ The instrumentation system includes consideration of

emergency detection and crew escape systems in addition to the normal telemetry

and communications systems. A fail-safe design philosophy is necessary for emer-

gency.dc_teetiOn and crew escape systems to provide the maximum flight crew safety

without:degrading mission success. The reliability of this system is assessed at

0.98_:forthe solid stage and 0. 980 :for the liquid stage. The liquid-stage system

is lowe'r because it is 'more complex than the solid-stage system.
i ,

Str_e/_pavatior_Systems- HiStorically, solid first stages have experienced
no pr_ vehicle structure or separation faiIures. The liquid stages have expe-

riencedi_ structural failures; however, separation failures have occurred.

Vehicl_ Structure can be designed to a very high reliability if the allowables and

the loads can be predicted with a :high degree of accuracy or if high structural

safety factors are used in the design. Improvement in the technology used to

predictthe structural allowables and loads is anticipated. A certain amount of

structul_al overdesign can be tolerated; however, a certain amount of risk must
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be accepted to keep structural weight down. Separation is predicted to be highly

reliable because of the experience that will have been accumulated with large
tandem-staged vehicles such as the Saturn I and the Saturn V. The initial reli-

ability of the T65 systems is assessed at 0.99 for the solid stage and 0.97 for the

liquid stage.

Retrorockets " and Ullage Motors ---The retrorockets required for stage separa-

tion are assumed to be state-of-the-art design solid motors. Capability for loss

of one motor has not been assumed. The initial reliability of a single solid retro-

rocket is predicted to be 0.995. Reliabilities of this level have been achieved by
current solid motors.

Ullage motors are Predicted to achieve the same initial reliability as a retro-

rocket. CapabtlRy for loss of one ullage motor was not assumed for this study

because of the hig h Predicted reliability.

Tr_sta_--e -- The ............ "..........storable-propellant engine_u_L_t_ _u,,_,_a u_ Lwu • systems

and other auxiliary equipment necessary for operation of this stage. The engines

are pressure fed and are assumed to be similar to the higher-thrust Titan II

secrJnd-_tage e_tnes (RLR-AJ91-5). R was assumed that the transtage propul-

sion and auxiliary systems would be mature systems prior to being used in this

vehicle. Therefore, an initial value of 0.972 is predicted for the stage.

3.5.3.3 Predicted Reliability Growth

Reliability growth is a result Of design improvements and of familiarization with

vehicle equipment and procedure. The rate of growth is dependent on the quantity

of improvement in the design and the rate of learning.

Reliability growth for the T65D vehicle is presented as a function of the number

of launches. The rate of growth is rapid for the initial launches and decreases

as the number of launches increases. The growth rate is shown to be very small

after Japproxlmately 50 launches. The point reliability (probability of a success-

ful l a_ch) and the cumulative reliability (probable percent successful) are shown
in F_e 3. 5. 3-,3.

3.5, 3,41 prob=_i_ N umber of Launches

/

The reliability growth curves, Figure 3.5.3-3, were used to determine the

probable num_i _ of launches to achieve:

• Flight test objectives

• An initial operational reliability of 0.75

• Number of operational successes required to achieve the mission objectives
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Flight Test Objectives m The flight test objectives require a minimum of seven

successful launches. The cumulative reliability growth curve was used to deter-

mine the probable number of flight test launches. The resulting number of

launches was found to be 12.

Launches Prior to a 0.75 Reliability--The study ground rules require an initial

operational reliability of 0.75. The probable number of launches required to

achieve this goal is 13.

Operational Launches aFour basic missions were considered in this study. The

missions require the placement of payloads to a 567-kilometer orbit. The pro-

bable number of launches which will be necessary to achieve the required number

of successes, for each of the four missions, was determined using the cumulative
growtti:ctwve, Figure 3.5.3-3. The cumulative number of successes was obtained

by a_ng fl_¢ point reliability of each flight, starting with the fourteenth flight,
untili'_e:des_red number of successes was_accumulated.

Number of Required

Sucoes se s

68

45

PROBABLE NUMBER OF

OPERATIONAL LAUNCHES

Mission Model _T_

(See Section 3.3.3)

1

2

3

4

Table 3.5.3-4

Probablc Total

Number of Launches

79

71

59

53

3.5.4 Reliability :Program Plan

3.5.4.1 Introduction

The overall objective of the NOVA reliability program is to meet or exceed

the reliability requirements of the vehicle and its support equipment during

the program from initial specification of requirements through operational

use. It is recognized that the problem of ensuring mission reliability is

essentially a problem of disciplining decisions, and the general method of

assurance of reliability is to co_icentrate an intensive analysis and review

effort on all aspects of the design and development program. More specific-

ally, this includes studies of the feasibility of meeting reliability require-

ments within the constraints of performance, cost, and development time;

trade studies of the reliability eff_ts of design changes and benefits of

design simplification or function duplication; the review of designs, specifi-

cations, and hardware source selections; continuous reliability data analysis

to determine cause and effect relationships; reliability test planning, and

the identification and correction_of failures. By these means it is expected

that .the level and rate of growth of reliability can be controlled according to

the requirements of the program.
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Many gross assumptions have been made to arrive at the predictions of the

reliability of the new subsystems and steps must be taken very early in the

development program to validate all assumptions by planning a reliability pro-

gram to direct appropriate action onto all potential problem areas. The details

of the reliability program depend on the details of the overall NOVA program,

but enough is known of the vehicle configuration and problem areas for a broad

program base to be set down.

The first part of the plan establishes the feasibility uf obtaining the reliability

levels and growths predicted by analyzing the T65D development program

actions and the historical progress with similar subsystems. The second part

of the plan briefly summarizes the general actions necessary in the areas of

reliability support to assist the design and development functions to realize

the required levels of reliabi_ty.

The engiizeertng problein associated with the reliability improvements required

can be stat___ In qua_n_!tative terms relative to the accumulated experiences

with ballistic missile systems. Reductions in subsystem failure rates to be-

tween 15 and 90 percent of the experienced rates are predicted, but improvement

will -he slow with some subsystems. Predictions are based on assessments of

the probable advances in the state of the art which have already reduced sub-

system failure incidences by as much as 90 percent and on considerations of the

differing missions o_ military and space systems. For example, the primary

considerations with ballistic missiles are schedules and payloads, while space

system,programs pIace costs, reliability, and safety as primary factors.

Reliability improvements are required at all levels of new hardware and equip-
ment currently under development. Many functions, such as costing, scheduling,

and maintainability,+ depend on the realized reliability of the various equipment

and systems; therefore, the reliability organization must continuously monitor

the level and growth of reliability by the analysis of all test results.

The reliability estimates used to cost this program have been based on level

of effort because reliability development forms an integral part of all develop-

ment programs and, except in cases where critical reliability problems arise,

the reliability part of the work cannot be costed separately.

3.5. _. 2. Reiiability Growth and A,ction Requirements

Figure 3, 5.4-1 shows the failure incidences that have been predicted for units

(e. g.,+ one engine) of a subsystem of the T65D configuration compared with the
histurtcal incidences of failure. Historical data is based on the results of

some 525 missile flights. This shows the magnitude of the predicted reductions

in unit failure probabilities. Figure 3.5.4-2 shows the relative distributions of

total failure probability among the major systems (e. g., five engines) compared

to historical data gathered from more than 600 missile flights. This shows
that relative reliability is expec+_l to depend on relative system complexity.
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MIIIQ.
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Figure 3.5.4-2 DISTRIBUTION OF SYSTEM FAILURES
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Historically, guidance and controls comprise the most complex systems in

missiles and the largest proportion of failures have been attributed to these

systems. In the NOVA vehicles, the multiple-engine propulsion systems

will be the most complex systems and are expected to contribute the most

serious reliability problems.

Table 3.5.4-1 shows the predicted reliability growths more clearly by showing

the historical failure rates as though they were equal, thus emphasizing the

predicted reductions.

PREDICTED RELIABILITY GROWTH

Historical Initial Flight Ultimate

Liquid Engines 100
Solid Motors 100

Propellant Feed 100

Thrust Vector Control 100

Guidance and Controls 100

Structure and Separation 100

85 3O

35 10

70 35

300 150

170 70

120 85

Table 3.5.4-1

For comparison, Table 3.5.4-2 shows the observed reliability growths on
missile subsystems in similar relative terms.

OBSERVED RELIABILITY GROWTH

Liquid Engines
Solid Motors

Propellant Feed

Guidance and Controls

Auxiliary Systems

Current

100 20

100 70

100 10

100 75

100 100

Table 3.5.4-2

These

the reliability stan_int.

3.5.4, 2.1 SolidMot0rs

Data fi_om tests and flights of a 60, 000-pound-thrust motor that is still under

development were used as a basis for comparison. The degree of optimism

shown by the predicted reduction in failure rate from an initial 1 in 40 firings

to 1 in 200 firings stems from the development program plans of the manu-
facturers.

comparisons may be used to analyze the following major subsystems from

They consider that all f_lure modes of solid motors are now known
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and that the primary means of ensuring reliability will be essentially quality-

control actions. However, a concerted design analysis and review effort will

be necessary, and a comprehensive test program is proposed. A total of seven

full-diameter (260-inch) motors will be tested during the development program.

Two of these will be shortened cases. All test motors will be fully instrumented

to obtain maximum information and to enable all problems to be eliminated in the

36-month program. In addition, five PFRT tests are expected to increase reli-

ability.

3.5.4.2.2 Liquid Engines

The M-1 engine is under development for NASA, and high reliability is a primary

requirement. Other NOVA study contractors have studied the development program

for the M-1 and conclude that a static-test program of 700 tests will be necessary

to achieve the 0.99 reliability goal. As shown in Table 3.5.4-2, considerable

improvements have been achieved with Atlas and Titan engines as a result of re-

design, be_er understanding of the controls of materials and manufacture, and

general improvements in the state of the art. Not the least of these advances

is the ever increasing amount of experience gained by a widening group of special-

ists and companies who contribute to engine developments. The predicted reli-

ability growth to 0.99 prior to first NOVA flight will be the result of some 60

months of continuous development.

3.5.4. 2.3 .Thrust Vector Control
• _:

Two quite different systems will be required for the first and second stages that

will provide different deflection rates and load-handling capabilities. The forces

required:of the actuators will exceed any currently obtained in mobile systems

and the hydraulic flow rates far exceed those required in present applications.

Therefore, the predicted failure rates are considerably higher than those exper-

ienced on ballistic missiles. To ensure the reliability of thrust-vector-control

systems, trade studies must be completed to determine the optimum system

configurations without accepting any unreasonable reliability risk. Static motor

firings _hould also test the thrust-vector-control systems by gimbaling the

nozzles during the test:

3.5.4i2_.4 Propellant Feed and Pressurization

Very large improvements in the reliability of the propellant feed and pressuri-

zation:s3_stems have been recorded and it is expected that continuation of the

systems development programs will benefit the NOVA program.

3.5.4.2.5 Guidance and Control

In the past, guidance and control systems have been a major cause of unreli-

ability in spite of considerable advances in the equipment used. The major

reason is that reductions in size and weight of guidance and control components
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have been used to increase payload and range, rather than to permit design for

redundancy to increase system reliability.However, a 25-percent reduction

in failurerates has been observed. The NOVA guidance and control systems

will be more complex and must operate for longer periods than the systems

used in ballisticmissiles. Problems of sensing flightdeviations may be ex-

perienced because such problems as body-bending oscillationsand vibrations

cannot be completely analyzed by simulation testing before the actual flight-

test program. However, reliabilityimprovement from a failure incidence

of about I in 10 flightsto I in 20 flightsis predicted.

3.5.4.2.6 Instrumentation

The group of instrnmentation systems will be expected to accumulate a larger

proportion of failu_ _thanm_ past (15 percent, as compared to 2 percent).

This resulteprlm_ffdy from t!m need for safety and crew-escape systems.

At present, itis assumedthat thepayload stage has escape capability buiR

a

and cor_.ting system. A reliabilityproblem will result from the number of

sensors re_lui*red,which could be over 100 depending on how a motor emerg-

ency is to be detected. Duplication of functions must be _.....v, _,,_ to _,_,,_....

the probability of faulty_actuations resulting from sensor malfunctions. A

comprehensive test and flight simulation program will be necessary to develop

the instrumentation and safety systems to provide adequate response and

sensitivity. Studies of the mechanization of emergency detection systems have

been completed by solid,motor and liquid-engine manufacturers. Provided

such systems can be designed to be fail safe, they will not affect mission

reliability since a crew escape requirement is automatically a mission abort
or failure.

3.5.4.2.7 Other Systems

RellabilRy problems will resultfrom the difficultyof separating the stages

whenilarge masses muS,t be decelerated, and from the combined effects of
sm_i _*_ts of, f_lure risk that.exist in such areas as the structure and

attxi_iary_r s_ms. The structure will be extensively tested in static

and dy_ami¢imode_:_:_lading acceleration, shock, vibration, and acoustics,

and _slnm!atedi_ _ environments (as far as is possible with such large

vebl_l_i _ Izi_t_ _t of auxiliary power systems, studies must be conducted
to _e the _mum powe_ requirements at any instant throughout the

To ensure that _lity receives proper emphasis throughout all phases of

thel_rogram, the_el_ability orgaeization must be represented at all levels of

man_ement and_eering effort. The reliability plan may, therefore, be

divided into sections on managemLent and engineering.
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3.5.4.3.1 Management Plan

The responsibility for reliability is based on the concept of holding each function

responsible for quality in its own function. However, in accordance with effic-

ient program management, the overall reliability organization should have a

separate management having wide responsibilities and reporting to top manage-

ment. For example, one elementof the Saturn reliability program relationship

is shown in Figure 3.5.4-3. Such an organization illustrates how reliability

receives proper emphasis and direction while eliminating unnecessary dupli-

cation of effort and communications problems. The detailed nature of the

reliability organization for the NOVA program would depend on the require-

ments of the overall NOVA program organization.

3.5.4;3.2 Engining Plan

A primary requirement of the reliability program is that it be fully integrated

into the program effort. Major milestones are shown on Figure 3.5.4-4. A

definitive list of tasks is a part of normal reliability plans. This is omitted

because the program is not yet sufficiently detailed.

When the design has become final, there is little scope for maj or improvements

of reliability; therefore, the engineering effort will be concentrated on making

tangible contributions to the design by the completion of trade studies, design

reviews, and reliability analyses of all designs and design proposals. After

design finalization, the reliability program will operate primarily to ensure

that reliability growth results from the development program, and that no

regressive trends are permitted in vehicle and system reliability. The reli-

ability organization will maintain continuous surveillance of the program to

complete trade studies of the reliability implications of changes to designs

and specifications. A reliability analog or block diagram of the system will

be continually updated using all test data obtainable to determine the need for

redesigns, tests, or changes in other areas. This data will also be useful in

detailing spares requirements, facilities, and test equipment.

Criteria Establishment_ The Criteria against which the reliability performance

can ;_]udged must_ identified.: This will include criteria for the flight vehicle

and tho ground sttP_rtlsystem ms well as appropriate sublevels. Typical of

these oriteria are:tlie;_Lission pr0flle (including environmental requirements)

test n_thv@s, and hardware acceptance. The reliability criteria must be

docume,_tedwith the_er design and development criteria.

--The early phases _of product design, including analysis of re-

quirements, system synthesis, and system selection, are potentially the most

fruitfUl areas for the introduction of high-reliability concepts. In addition, it

is the.only time when reliability changes can be made at a reasonable cost, be-

cause;as the program-progresses all changes must bear the additional cost

burden of the expanding program, Trade studies with the specific objective of
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maximizing reliability must be scheduled and completed at certain stages during

the design and development.

Design Support --The reliability of a system is essentially dependent on the

quality of design. The designer is responsible for this quality; however, reli-

ability engineers must provide continuous support to provide data, including

comparative reliability information, on concepts, hardware, processes, and

procedures. The design quality should be subject to continuous reliability

monitoring.

R_eliability Assessment --The reliability requirement for the complete system

must be apportioned among the various subsystems and components. This func-

tion must be completed by reliability analysts who mainliain a reliability model

of the system by comparing the reliability requirements with the reliability

assessments. Inaddition to the probability analysis, a failure mode and effect

analysis must be performed. Based on these analyses, a criticality evaluation

m_st be c_nducted.

Reliability Growth --Hardware generally exhibits reliability growth from esti-

mates based on the first vehicle configurations. Some growth will accrue

naturally from such factors as personnel familiarization with the equipment

and the development of better methods and controls, but major growth of reli-

ability can only be achieved by a concentrated effort in all areas to eliminate

all reliability problems. Appropriate actions such as design improvement

studies, personnel education programs, and equipment specificatioD reviews

must be directed toward achieving reliability growth. Figure 3.5.4-5 shows

an estimate of the reliability growth potential of the T65D vehicle.

CriticalArea Identification---System problems that individually appear to pose

no great problem may collectively become a major cause of unreliability.

Extensive analytical evaluation prior to and during design and the continuous

feedback and analysis of operating data will assist in the identification of such

problem areas. Inputs to this function may be derived from prior experience,

vendor tests, acceptance and inplant tests, and checkout and flight testing.

Machine data reduction-methods should be used where possible to assist in

the speed of information feedback and analysis. A continuous review process

must be conducted to ensure that no cause and effect relationships are over-

looked and that no such relationships are erroneously detected with detrimental
effects.

Test _anning--A primary function of all system tests is to determine or

verify satisfactory reliability. Because of the high costs of conducting tests

of vehicles such as NOVA, all tests must be planned to fulfill the needs of a

maximum number of engineering functions. Since the original reliability pre-

dictions were based on data derived from quite dissimilar systems, it will be

necessary to obtain data to substantiate or refute the assumptions made at as

early a date as possible in order that design changes or adjustments to
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schedules or requirements, etc., may be made at a similarly early date. To

ensure this, reliability data requirements will be an integral part of the test plans.

D.esign Reviews --The complete design, including all specifications must be re-

viewed at stipulated intervals throughout the program. These reviews comprise

a further check that all recommended changes have been incorporated and that

no detrimental effects have been introduced. A series of basic check lists must

be used to provide the formal procedure and to provide a standard format for the

review boards. Figure 3, 5.4-6 shows the relationship of the design review to

the other basic engineering-reliability tasks.

S_oecifications -- The reliability organization will establish the reliability success
criteria from the specifications furnished by the customer and these will be used

in the preparation of system, subsystem, and component specifications and also

in test planning, All specifications having an effect on reliability must be subject
to reliability review _and approval.

Supplier Reliability CoB trol- The reliability organization must screen all poten-

tial suppliers to ascertain their capability to furnish consistently reliable and

quality products. During source-selection reviews, each potential supplier's

reliability plans and organization will be analyzed to determine that the supplier

recognizes the importance of reliability and has the necessary controls to ensure

the reIiab'di'ty of his products. Equipment produced by suppliers and subcontrac-

tors must be.... subjected to the same reliability disciplines as would be applied

to the_ eq_pment if itwere produced by the prime contractor, (See Figure 3.5.4-7.)

FaihtiCe Analysis -- All failed parts must receive sufficient analysis to identify

and 06rrectthe cause of failure. The analysis of test results must recognize

the difference between laboratory tests and mission conditions. Coordination

must be maintained with part suppliers to assist them with analyses and reli-

ability improvement programs. As an example of a typical failure-analysis

operation, Figure 3.5.4-8 shows one element of the Saturn project failure anal-

ysis and corrective action cycle.

Man_acturlng variance control- Variance control must be used to minimize

degradation of design reliability during manufacturing inspection and test proc-

esses, The objective of this program is to ensure that variations in the final

product are consistently maintained within the limits established by the designer.

This iwill be accomplished by review of process control specification require-

ments and test planning, including analysis of potential tolerance accumulation.

There must be periodic audits of these functions to ensure adherence to the
re quirements.

Indoctrination and Training--Achievement of NOVA system reliability require-

ments necessitates the assignment of technicalIy qualified personnel in all phases

of the program. Reliability training programs will form part of the indoctrination

program for all personnel assigned to the NOVA program. However, special reli-

ability training will be provided only to those whose task assignments are critical
to reliability.
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3.6 DEVELOPMENT TEST PROGRAM

3.6.1 Introduction

This section discusses the ground and flight tests essential to the development,

evaluation, and verification of the T65 vehicle systems. The discussion con-

sists of a general survey of the overall test program to identify tests that will

have critical hardware or facility requirements. The second-stage development

captive firing tests (see 3.6.3.12) and the flight test program (see Section 3.6.4)

represent major portions of the program and are discussed in greater detail.

Few of the tests are unique to the T65 or to other NOVA-class vehicles, but are

of concern as a function of size of hardware and facilities. The size problem

is particularly apparent in the full-size vehicle dynamic test (see 3.6.3.6).

3.6.2 Summary.

The development test program survey has revealed a number of individual tests

having potential pacing influence on the NOVA program. These individual tests

affect the manufacturing and delivery schedules of several suppliers, require

complex faciIities, and require special handling and transportatfon. Tests can

be varied by alternate solutions which offer potential savings of time and/or

funding. The various detail test programs can be resolved only after detail
study beyond this initial survey.

The following tests, in particular, require detailed study.

Dynamic Model Test --This test must be studied in conjunction withthe

vehicle dynamic test to support and possibly reduce the effort on the full-
size tests.

Vehicle Dynamic Test- This full-size test represents a major undertaking and a
and as such warrants effort to accomplish an economical solution to the

anticipated problems.

Vehicle Structurat Tests -- These tests represent effort and complexities

approximately equal to the dynamic test.

Solid Motor Substage Firing Tests --Since there is to be no full first-stage

c_ive firing test, the substage tests require inclusion of all poss_le

eqttipment and the best possible simulation of stage environment.
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3.6.3 Ground Test Program

A survey of the ground test portion of the development program was conducted to

identify critical tests and to evaluate the general aspects of the overall test pro-

gram from elementary materials tests through full-size vehicle tests.

3.6.3.1 Air Loads Model Tests

Purpose --To evaluate the need for fairings and/or pressure seals between motor

cases to avoid turbulence-induced loads. To determine aerodynamic character-

istics of the vehicle and pressure distribution over the vehicle.

Hardware --Scaled model, rigid except for load elements (strain gage flexures)

to measure steady and unsteady leads caused by turbulence. Requires provision

for installing fairings. Pressure transducers must be installed for load deter-
mination.

Facilities --Transonic and supersonic wind tunnels.

3.6.3.2 Ground Wind Loads ModB1 Test

Purpose -- To determine ground wind design conditions.

Hardware Scaled model with simulated flexibilities. Model of vehicle housing

or structures which may influence ground wind conditions. Requires provision

for varyi_ wind direction.

FaciliUeS_Low-speed pressurize d tunnel.

3.6.3.3 Flutter Tests

Purpose --To determine experimentally the flutter boundaries of panels and shells

of the liquid stages and Iatrmgs which may be included in the first stage.

Hardwa_ re_--- Panel s_cimens and scale models of cylinders with proper stiffness

distr_om Tests_ .not required where analysis shows sufficient margin be-

tween flutter bounda_ and flight trajectory.

Facilities i---Subsonl¢_ _:transonic, and supersonic wind tunnel flutter testing

3' 6.3,!4 Slosh TestS i-_-Second stageand Transtage

Purpose _ To develop baffle requirements for the liquid tanks and to obtain fre-

quencies and dampingo_fficients for control-system design.

Hardware --Scale model of liquid tanks with provisions for varying baffle con-

figurations.
: .... IV-168
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Facilities Tank support structure, electronic shaker, and data recording system.

3.6.3.5 Dynamic Model Test

Purpose To provide preliminary experimental data early in the program on

bending modes and frequencies of the complete vehicle and staged vehicle for

dynamic loads analysis and control system design. To evaluate shaker system

requirements for full-size dynamic test.

Hardware Scale model (e. g., 1/10 size) with proper mass and stiffness distri-

bution. The model should be able to represent each flying unit (as stages are

dropped). Fuel loadings require simulation.

Facilities -- Support stand with a soft support system for the model and an elec-

tronic shaker system.

Purpose- To evaluate the stage and vehicle design in simulated operational con-

_tions. To determiue bending modes and frequencies of the vehicle for dynamic

loads analysis. To determine the structural transfer function for control-system
design.

Hardware -- Full-size v4hicle duplicating final vehicle mass and stiffness.

quires mea_ of simulating fuel loading conditions.

FaciIit_e_,--Vehicle facility requirements are assumed to be similar to and

scaled up from the Saturn I and V experience. Support stand structure requires

a soft support system for the vehicle and a shaker system. Mississippi Test

Facility is assumed as test site.

Discussion--Dynamic test data must be obtained during the ground-test program

or the flight-test program. Usually a ground test offers the most satisfactory

means of obtaining the desired data. To obtain satisfactory data by flight test

usually requires additional flight-test vehicles. The size (Figure 3.6.3-1),

cost, and complexity may be prohibitive for ground test of NOVA-size vehicles;

consequently, the ground test and the various alternates, including flight tests,

shouldbe evaluated against the expected results.

The first stage, in full-size hardware, presents major handling, facility, and

cost problems. To investigate various flight times from latmch to tailoff by

various propellant leadings (inert) appears to be an unreasonable burden on hard-

ware, casting, and handling facilities. Incremental loading cannot be readily

simulated by water. Tests utilizing empty cases offer the least burden on facil-

ities and offer a realistic configuration for one point in the flight.

The second-stage fuel loadings utilizing hydrogen or oxygen impose large safety

risks. Simulation of the hydrogen, in particular, reduces confidence in the test
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results. Test substitutes become aseries of trades of load weights, load con-

centration, load centers, cryogenic effects, and slosh effects. As with the first

stage, the empty tankplus fuel mass simulation represent the only realistic test

possibilities which are readily apparent.

The traustage testing appears to be attainable but has relatively little effect on

the vehicle.

Payload configurations have the effect of multiplying the number of tests by approxi-

mately the number of configurations.

Detail study of the dynamic testing problems is required. Study may show that

the model tests can be correlated to dynamic tests of a full-size vehicle.

3.6.3.7 Strength Allowables Tests

Purpose- To determine experimentally the allowable strength, stress concentra-

tion, aM deformation of detail parts, typical joints, compression panels, etc.,

Hardware -- Fabrication of conceptual designs, including significant variables,

_ _-o_+'_"_ o_,_'_ to thee following:

* Case structure portions

• Liquid tank and intertank test panels

• Interstage structure portions

• Actuator attachments including local structure

Facilities--Manufacturer's site assumed. Structural test facilities required,

including fixtures, instrumentation, and data-reduction facilities.

3.6.3.8 Vehicle Structural Tests
, L ii

Purpose _ To evaluate the structural integrity of the vehicle. To confirm design

analyses by applying proof, yield, and ultimate loads in the form of single or com-

bined loads of bending, torsion, shear, pressure, etc.

Hardware FuU-size structural hardware to be tested by the stage and/or struc-

tural _o_ponent. The following represent major items to be tested:

• First stage, including interstage*

• Second stage, including interstage*

• Transtage*

• Base skirt structure

*Inert or empty
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• Solid motor case*

• First-stage link structure

• First-stage transition skirt

• Cluster cross beam

• Interstage

• Second-stage thrust structure

• Second-stage tank*

• Transtage thrust structure

• Transtage tanks*

• Auxiliary motor cases (retro, ullage, pressurization)*

• Auxiliary motor thrust structure

• Fluid lines

• Auxiliary tanks

Facilities High-bay building to house the veritical first stage (approximately

230 feet) plus strongback fixture for vehicle restraint and application of loads.

Further study may permit reduction of height requirements to the minimum of

approxim_y 170 feet plus fixtures required for the vertical second-stage test.

Hydrosta\tic test facilities are required to provide static pressure loads for tanks

and cases dttring the structural tests of the first and second stages. Hydrostatic

test facilities will be required to proof test all pressure containers produced

(tanks, cases, pressure bottles).

Components can be considered for test at many sites: manufacturer's site, stage

assembly site, Mississippi Test Facility, MSFC, and other locations.

3.6.3.9 Solid-Motor Development Firing Tests

Purpose--TO developand evaluate the performance of the solid motor and

launcher-retained ignition system element in captive firing tests. To evaluate

emel_n_y detection systems, if used.

HardWare -- Subscale motors and full-size development, PFRT, qualification,

and/or!acceptance motors, including cases, nozzles, and prototype aft-end igni-

tion system element.

Inert or empty
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Facilities- Test stand, thrust structure, data recording, processing equipment,

laboratories, and other facilities normally associated with solid-motor firing

tests. Motor temperature conditioning equipment is required. Testing is assumed

to be at manufacturer's site. Facilities are assumed to be largely existent or

adaptable from the large solid-propellant rocket motor program.

3.6.3.10 Stage Development Captive Firing Tests -- Solid Substage

Purpos e --It is proposed'to testa single motor as a simulated substage to develop

and evaluate the thrust vector control (TVC) system, the structural system, base

heating protection, and portions of the stage which may be affected by the firing

environment. (SoIid substage checkout tests are discussed in 3.4.1.3. )

Ha r_r_:_ Full-size development+ I_FRT, qualificauon, and/or acceptance

moto_+;_?_ge oom_s to:be +ful_*sLze hardware or portions of hardware.
TVC _l_ent ha_e is req_d and is assumed to require more tests

the motor and stage test programs. A minimum of one substage test is assumed.

Facilities '--Testing is assumed at motor man'uf_,._,._, s facility as extension of

the motor development program. Additional requirements incIude TVC evaluation

equipment. Motor thrust pad mustbe adapted to cluster structure or interstage

thrust _. Support a_._ t_-d_ Wn features must be included for noncontinuous
portio_iof _tructure, _se-he_t shields, etc. Soft mounting should be considered.

3.6..3,:,!l_:i-i'+::+_gine -Deve!op +m+.entFi_+ring Tests--Second Stage and Transtage

_ develop,! eval_te, trouble-shoot or rerate engines for the second

stage :and_r'transtage. Requirements and facilities will be largely a function of

the engine development status relative to other vehicle programs at the time of

program initiation. Testing may be conducted at the engine manufacturer's test

site and/or the Mississippi Test Facility.

3.6.3.12 + Stage Devbi:0pment Captive Firing Tests -- Second Stage

PurpoSe -- To develop_nd evaluate the performance of the second-stage design

as anopemting system, (Stage checkout tests are discussed in 3.4.1.4

and st_ge-acceptancefi_g tests are discussed in Section 3.3.5. )

stati_iTest Stand AC_Vat!on- Priorto second-stage propulsion system develop-

ment firings at the MisB_ssippi Test Facility, the facility must be checked out

with Simulated flight hardware to ensure proper and safe operation of facilities

_ndequipment. Initial ;checks of the test-stand propellant storage facilities and

loading equipment, the pressurant system, automatic checkout equipment, com-

munications equipment; instrumentation, and deflector cooling water and deluge

systems will be partially completed. These checks will verify that all elements

of the complex are functional and that the stand is ready for checkout with the
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stage. The Propulsion Development Vehicle (PDV) will then be installed in the

test stand, and propellant cold flow development testing will be initiated.

Prior to the first hot static firing, 17 weeks have been allowed for stand/stage

checkout and cold flow developmental testing of the propulsion development ve _

hicle (see Figure 3.6.3-2). Verification tests, paralleling the propellant cold

flow tests conducted during propulsion subsystem testing, will be performed

during initial stand/vehicle integration tests. Special emphasis will be placed on

the safe handling and development of emergency procedures for use with the live

propellants that will beused during static firing.

After completion of the propulsion development testing atthe No. 1 static test

stand, the Propulsion Development Vehicle will be refurbished and updated into

a more flight-configttt_d vehicle. It will then be used to check out Static Test

St_md No. 2 (Figure 3.6_ 3-3). After Stand No. 2 checkout, development tests

will be continued utilizl_ the PDV. This additional period will provide increased

bility data.

The second-stage static test schedule, including acceptance _sts of flight units,

is shown in Figure 3.6.3-3. Flight Units 2 through 13 are processed through the

MTF, beginning on a 4-month test period and eventually requiring 3 months per

stage for Unit 10 and on, Acceptance firing tests are described in Section 3, 3.5.

The firstflight-weight Second stage (GTV) is utilized for AMR facility checkout

(deso_di_ Section 3_6.4) and therefore does not require static testing prior to

initiai;_ment to AMR. This stage will be checked only for propellant cold flow
tests gt MTF.

Stand utilt_tion and schedules are based on vehicle requirements to support the

launch schedule at AMR. Static-test-stand refurbishment time as shown in Figure
3.6.3-3 represents "total down time" between scheduled static tests.

Second-Stage Development Firings --The final phase of propulsion development

testing andthe first in_gration of stage subsystems in an operating environment

will occur during development firings of the PDV at MTF. The program will

progress in two steps. The first will include tests directed towards determining

and resolving majorproblems in propulsion-system design. The second step will

plaCe emphasis on the evaluation of stage reliability, or systems confidence levels.

Test Configuration _-The initial configuration of the nonfltght (PDV) stage may

include pre-PFRT engines, a minimum electrical network, nonfltght-weight tanks,

prototype propulsion subsystems, andspecial safety provisions. : As subsystems

and components in flight configurations become available, the nonflight stage will

be updated to approximate the flightstages more closely.

Test objectives -- Test objectives for the propulsion system development testing
will include:
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• Determination of multiple engine starting and shutdown transients and develop-
ment of techniques for start and shutdown

• Evaluation of the propellant servicing system, including emergency propellant
drain operations

• Determination and resolution of heating problems in engine areas

• Evaluation of the propellant feed and pressurization design and its effect on

multiple engine operation

• Determination of purge and environmental requirements

• EvaluatiOn of GSE, including the automatic checkout equipment

• Evaluation of the malfunction-detection sensors

• AccumUlation of initial reliability statistical information

• Investigation of critical performance tolerance levels

Test Oper%tions -- Initial testing will be with short-duration (approximately 20

second) firings of the stage. As experience and data are gained, the duration

will be increased, with full-_xration firings made as soon as practicable. A high
test rate has been programmed early to gain maximum information for use in the

design of the early flight stages. As shown in Figure 3.6.3-2. a period of 6.5

month8 _ been allocated for the initial phase of development test firings.

Duringi_p_opulsion development firing period, the data acquired will pertain to

the __ system and will include such information as thrust chamber pres-

sures, _iant flow _rates, propellant tank pressures, pump pressures, _tern'

peratuxeS,;iand speed, During later testing, test instrumentation will be expanded

to obtainlnformation relating to the telemetry system, the electrical band power
switchingcircuitry, thestaging eiectronics, and the stage environmental and

purging systems.

An average firing rate of one per month is planned to provide maximum stage per-

formance .data prior to the launch of the first NOVA with a live second stage while

still aliowing sufficient time for analysis of the test data and for refurbishment.

Testing at higher ra_s may be required occasionally to resolve the problems un-

cove_d _g stage__nce testing or to evaluate the corrections prior to

incorporation in a fl_ istage.

Prior to each test, the stage will be thoroughly inspected and a check made of

inst_entation, electrical networks, the propulsion system (including engines),

the flight control system, etc. After each test, the stage and its systems will

again be inspected and checked for damage incurred as a result of the test. The

test data will be analyzed and required changes to the stage will be made prior to

subsequent testing. TO prevent delay in the program, changes to the stage will

be made without removal from the test stand whenever possible.
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Stage Reliability Testing- One of the purposes of the test program is to establish

confidence in the performance and reliability of the stage. Careful planning for

the extraction of the maximum reliability data from virtually all testing activities
will be required.

The equivalent of approximately 18 full-duration static-test firings are planned

prior to the first flight to provide sufficient data to establish confi.dence in flight

success. Components and subsystems will undergo independent qualification

testing and these results, coupled with accumulated static firing and flight data,

will be used in the assessment of reliability achievement throughout the program.

During static'firing tests of the PDV, variations of critical performance tolerance

limits (such as low battery voltage, pressure switch settings, valve opening or

closing time, propellant mixture ratio, and thrust vector system response) will

be usedto check the effect on stage performance and operation. Laboratory

analysisof failed item s, correlated with the exact conditions of test previous to
failure, will assist in th_ idanttftr_t_n, nf n_,r,hlA_ ._._ _h_o _o+_ .ml

supply the basis for reliability improvement.

3.6.3.13 Transtag e Acceptance Captive Firing Tests

Purpose--To verify that each flight stage is operational and acceptable for assem-

bly into a launch vehicle. This test is to be performed on all units prior to assem-

bly inf-;& !mmch vehicle (flight test and production vehicles).

Hardware --Complete operational stage with all possible systems preinstalled

and clmcked out, ready for short,duration and/or full-duration firings. Stage
development tests will establish procedures and acceptance limits.

Facilities -- Firing test stand, checkout equipment, data recording and process-

ing equipment, fuels, etc. Mississippi Test Facility is assumed; however, MSFC

or manufacturer's test site may be used.

3.6.3.14, Subsystem. and Component Tests

Purpose --To develop and evaluate materials and equipment ior vehicle integrity.

To confirm analyses; to survey capabilities in operational environment; to deter-

mine reliability.

Hardware -- Full-size hardware of prototype or production quality and environ-

mental simulation consistent with test purposes. The following represent a

sampling of typical items to be tested:

• TVC System (each stage)

• Actuators

• Servovalves
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• Guidance System

• Telemetry

• Cryogenic Insulation

• Flex Couplings (bellows) in Fluid Lines

• Valves

• Pumps

• Accessory Power Systems

• Pressure Regulators

FacilRies_Manufacturer's site. This level of testing is generally within the

scopaof the various suppliers and manufacturers although new and/or enlarged

facilities will be required for most items. Many of the facilities will also be

used for component acoeptance testing. Trouble-shooting facilit|e_ for ce_rt_in

components will be desirable at Mississippi Test Facility and/or at the launch

site. Duplication of facilities should be limited to items not readily returnable
to the manufacturer.

3.6.3.15 Ordnance Tests

Pu_,_To evaluate the ability of ordnance systems to perform their functions;
To de_e the effect on adjacent components.

Re_#_Segments Of, or full-size structural portions and the systems repre-

senting thefoUowing typical ordnance items:

• Stage Separation

First to second stage

Second to transtage

Transtal_e to payload

• Zk_crzsct

First stage

Seeondsta_
• Tmnma e •

°" Individus/pressure containers

FacilRtes --Remote _d/or revetment area. Simple fixtures, with the exception

of a live firing-destru_t (if planned) of a solid motor. Tests can be at several

sitesr manufactu_r_'S site or special remote sites.

3.6.3,16. Transportation and Handling Tests

.l_urpose -- To evaluate the capability and compatibility of ground equipment in
actusd _-service.
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Testing- Transportation of the 260-inch solid-propellant (inert and live) motors

from the manufacturer's site to the motor static test site, to the substage assem-

bly site, and to the launch site requires a special transporter. The conceptual

design of such a transporter appears in 3.3.6.2. Tests to ensure the design

adequacy of the transporter must be performed. These tests will be performed

on the transporter at the manufacturer's site using an inert motor and wtll in-

clude axle load tests, structural tests, safety features in case of component

failure, etc. In addition, barge transportation tests will be performed to demon-

strate safe loading, unloading, and travel of the motor by barge. Stability dur-

ing inclement weather will be demonstrated. Handling tests of the inert motor

and transporter will also include evaluation of hoisting and/or erection methods,

such as required at the AMR launch building and as ma T be required at the manu-
facturing site.

Transportation tests of the second stage are intended to prove the compatibility

of handling equipment and procedures, and will be based on transportation opera-
tirm_ 1mAd in thA fnilnwing 'FIn_ a_,tw._.,..---

• Assembly of the stage on the transporting pallet

• Tnp!ant checkout oft he stage

• Transport of the stage and pallet to MTF

• Hot-firing test of the stage atMTF

• Post-tes: t refurbishment of the stage

• Transpo_rt of the stage and pallet to AMR for launch operations

During _haudling and shipping of the second stage, the pallet and stage are insep-

arable. Therefore, a test program will be required to certify the pallet for

service. As the Propulsion Development Vehicle (PDV) is assembled on the

pallet, the pallet will be instrumented for structural, stability, loading, and

safety tests. Upon completion of these tests, the PDV and pallet will be loaded

into a transportation barge and extensive testing of the barge stability during this
mode of transportation will be undertaken.

3.6.4 Flight Test Program

3.6.4.1 Scope of Operations

Flight test operations will consist of all activities at AMR pertaining to the NOVA

vehicle during the flight test program. These activities will include the receiving

and inspection of the stages and other flight components (substage level), the

checkout and integration of the launch building with the NOVA Ground Test Ve-

hicle (GTV), the planning and execution of a flight test program, and the process-

ing of flight test data.
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Based upon an analysis of test requirements and objectives, the T65 test program

will require 7 successful flights. A successful flight is defined as one in which

80 percent or more of the programmed flight objectives are realized. The con-

figuration, mission, and test requirements for each flight in the test program
are outlined in Tables 3, 6.4-1 and 3.6.4-2.

As noted in Table 3.6.4-1, payloads are incorporated on the flight vehicles after

the second successful flight, provided the confidence of achieving launch vehicle

test objectives will not be degraded.

Table 3.6.4-2 outlines the research and development flight test requirements.

The various phenomenal that will be investigated under each of the test headings
are as follows:

• _fli_ and Control---vehicle or stage static stability

• Structures--structural bending, air loads, surface heating, base heating,

_ ..... ra'"acoustics, v_ u_s, cluster loads, and interstage loads

• Propulsion-- ignition, thrust termination, rocket motor parameters, thrust

vector, propellant flow and pressure, and retrorockets

• Performance --velocity, altitude, space position, accelerations (three axis),

a de

s- _ce and control signals, communications, environmental
__,._lectriC_r, hy_ulics, and staging

_ -- _d band!_::equipment, servicing, checkout equipment,

_a_b_ F_lU_aS:, l_mchc_ntrol console, and stage-to-stage integration

3.6.4_3/Receiving and Inspection

It is anU_ipatedthat theflrst-stage motors and clustering structure, the second

stageS; and the payloads will all arrive at AMR by barge. Proper scheduling of

unloading _d transfer operations will be required to facilitate dock-area access

for o t_r '_stag_arri_s andto prevent excessive tug standby time. Each com-
pone_.0rsta_ will_; e_luipped with environmental control equipment to elimi-

nate de,clarion _ :shipment. The transportation environmental instrumen-

tatioii data Will be/_mt_ed and analyzed to determine whether any adverse

envirOlzmental con_ were incurred enroute.

During the inspection p_se, overall verification of each stage is planned, rather

than :detailed subsystem testing, because:

• Complete detailed tests will have been accomplished on each stage or corn-

ponent at the fa_ and static test facility. Therefore, these are delivered

to AMR as flight;Itmns.

• Stringent reliabilityrequirements imposed by equipment design specifications

will minimize in-process equipment failures at AMR.
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NOVA FLIGHT TEST OBJECTIVES

Configuration Stage
1st 2nd 3rd

Live FD FD

Live FD

Mission and Basic Objectives

Nominal design trajectory; first.stage gross per-
formance

Nominal design trajectory; second-stage gross

performance, staging, first-stage performance
monitor

Maximum maneuver conditions; booster structural

loads, guidance and control (225-km orbit is sec-

ondary objective)

Nominal trajectory with thrust differentials;

booster performance, guidance and control,

_uulLy

225-km orbit; staging, guidance and control

(transfer from 225.km orbit to 567-km orbit is

secondary objective)

567-km orbit; orbit transfer, orbit injection,

transtage performance and guidance and control,

and launch system gross performance

567-km orbit; orbit transfer, transtage guidance

and control, subsystems evahmtion and propulsion

FD i Flight dummy

_> Possible research, or scientific space payload, without compromising
booster test

_> Transtage with usable, unmanned payload

Table 3.6.4-1

• • i,_ _
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• Modifications will Lbe restricted to those mandatory for mission success.

• Complete vehicle compatibility will be the end objective at AMR and test

activities will be directed to achieve this as quickly as possible.

Storage provisions will permit environmentally controlled conditions for vehicle

components for extended periods of time.

3.6.4.3 Launch Building/Launch Vehicle Compatibility Tests

After launch building ground support equipment installation, calibration, and

checkout has been completed, the launch building will be tested for compatibility

with the launch vehicle by the use of a Ground Test Vehicle (GTV). The GTV will

be used to check out the,design and construction of the launch building, to indicate

necesmar_rmodifAcations, and to familiarize operations personnel with equipment

and px'ocedures. Physical clearances, hoisting loads, etc., that are applicable

to expected NOVA components will have been simulated during the facility-

activation period, prior tothe launch building/GTV compatibility test.

The GTV will consist of an inert first stage, a flight-configured second stage,

and a flight-configure d transtage. A simulated payload of the maxim urn expected

dimensions will be included. The GTV configuration has been cho sen to ensure

that a complete checkout of the facility may be completed under minimum haz-

ardous conditions andto reduce potential delays in processing the launch vehicle.

By using inert first-stage motors, no significant hazardous conditions exist until

the second stage is fueled with LH 2. This approach allows a better distribution

of work foroe duringthe checkout period, a more useful personnel training

period¢ and will also provide for a more thorough electronic checkout period.

In addition, it will be possible to recycle the second stage and the transtage for

refurbishment, static test, and subsequent launch.

The GTV first stage will consist of one 260-inch flight-configured motor filled

with inert propellant and five 260-inch flight-configured empty motor cases. The

clustering structure will be flight-configured hardware. No major modifications

to this structure are anticipated, as the design and manufacture will have been

checked out as a result of static and dynamic testing. Test instrumentation and

subsylitems that will be monitored and/or serviced during normal prelaunch

operations will be required (or simulated) to provide launch building/launch ve-

hicle control center compatibility tests. Electronic checkout equipment is dis-

cussed in Section 3, 2.7.6. All normal RF and/or hard-line connections as well

as servicing umbilicals will simulate actual flight hardware. The second stage

of the GTV will be the first manufactured flight,weight second stage. This stage

will have undergone cryogenic propellant cold flow static testing at MTF (Section

3.6.3) prior to shipment to AMR. At the completion of the checkout of Launch

Buildings 1, 2, and 3, this flight stage will be recycled to the manufacturer for

refurbishment prior to static firing and launching. The transtage of the GTV will

be of similar quality to the GTV second stage and will follow a similar flow path.
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After launch-building calibration and checkout and other activation testing has

been completed, the launch building will be prepared for the compatibility test.

As shown in Figure 3, 6.4-1, 4.5 months have been programmed to complete

the compatibility testing of each launch building with the GTV. The sequence of

operations will be as follows:

o Installation of first-stage motors (two empty cases, then inert motor fol-

lowed by three empty cases)

Cluster structure installation

Installation of blackbox or real instrumentation and equipment to simulate

"live" first-stage performance for checkout purposes

• Checkout of launch building with first stage

• Completion of necessary modifications

• Installation of second stage

• Checkout of launch building (dry) with second stage

• Checkout of launch building with second stage using restricted quantities of

inert liquid cryogenics (LN2); prac_ce of emergency procedures

• Completion of necessary modifications

• CheckoUt of launch building with second stage using LH 2 and LO2; practice

of emergency procedures

• _gel of second stage to remove LH2 and LO2

• Completion ofnecessary _modifications

• Installation of transtage; facility checkout to follow steps similar to those

used for the second stage

• Installation of dummy payload- maximum size

• Installation of simulated ordnance devices on GTV

• Installation of auxiliary equipment necessary for launch (i. e., first-stage

exhaust deflector, etc. )

Dry launch run 1;o develop launching procedures

_oval of GTVfrom Launch Building 1 by dismantling. The GTV will be

refurbished where necessary and routed to Launch Building 2 for its check-

out. Launch Building 1 will be prepared for assembly and launch of the
first vehicle.

3.6.4.4 Flight Test program

Reliability figures indicate that 13 launches .will be required to achieve seven

successful launches. If all the test objectives are achieved prior to the 13th

vehicle, remaining test vehicles could be used for man-rating the launch vehicle
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or in the operational program. A calendar flow diagram for the flight test pro-
gram is shown in Figure 3.6.4-2. Ample time has been allowed between each

t_st flight for analysis of data from the previous flight and the incorporation of

any necessary modifications into subsequent test-flight configurations. Signifi-

cant milestones of the flight-test program schedule are:

• Solid motor on-dock times at AMR

• Second stage on-dock at Mississippi Test Facility (MTF)

• Second-stage static firing tests at MTF

• Receiving and inspection- AMR

• Prelaunch operations mAMR

• Launch building refurbishment and modifications

• Launch build TV integration dates

A_A

A typical launch-vehicle processing schedule, representative of the third flight

*^-_ vehicle, is -_ .... " _: ....... '...... pli_,u,,, m r lsu_u 3.6.4-3. ,_v_v tu vu accom shed .......... eachuurmg
time period, and required flow times, are indicated. The time required for the

accomplishment of the various tasks will decrease as personnel experience level

inc_ and procedures become more accurately defined.

Du_i!_¢_sembly and checkout of the vehicle, some components will require

mo_O_or rep_Cement as a resuIt of component malfunction or mission

reqtfi_t_changes. These alterations will be completed in the launch building

ff passible, or on a remove and replace basis, whichever will least affectthe
overall launch schedule.

Since the total vehicle and launch complex networks come together for the first

time in the launch building, an all-system s integration test (including an RF-

electrointerference test) will be planned as the final step in the integration proc-

ess. This test will also form the basis for final vehicle acceptance and verifi-

cation of readiness for final countdown operations.

The flight evaluatic_ask consists of five specific elements:

Analysis of miuion objectives, planned boost trajectories, and systems
performance retirements to establish data requirements

• Preparation of evaluation procedures

• Reduction of data and completion of computations

• Conduct of preliminary flight evaltmtions

• Conduct of final flight evaluations
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A data requirements document will be prepared for each flight. It will consist

of two parts, the first defining the stage external data (meteorological, tracking,

and photographic) to be provided by range facilities, the second defining the in-

ternal telemetry which will identify measurement numbers, measurements and

sensor types, range of measurements, error allowances, flight sequencing and

periods, etc.

An evaluation procedures document will define data-reduction requirement, pro-

cedures, and computation techniques; will describe plans and schedules, nominal

values and expected limits of various parameters (temperatures, pressures, flow

rates, etc. ), nominal trajectory, and flight sequences; and will provide an analy-

sis of instrumentation system accuracies for each launch.

Incoming flight data will be processed to provide quick-look time-history plots of

all data channels. Special cross-plots of two or more data channels and, in

particular, a "most probable" three-axes postf!ight ,trajectory" will be required.

A preliminary flight evaluation rePort will be prepared within 10 days after launch

and will emphasize critical inflight performance and environment parameters and

present the data necessary to Substant_te the observations or contusions made.

A detailed flight evaluation will be completed within 45 days after each launch. It

will be based on a thorough, qtmntitative analysis of the data and will contain all

reduced data, a description of stagesystems and subsystemsperformance, flight

environment encountered, inflight sequences, and total vehicleperformance.

3.6.4o 5 Flight Test Facility Rgquirements (AMR)

Operational launch facilities will be used during the R&D flight test program.

These are described in Section 3.3, 7. In addition, the following support facili-

ties _are required:

• _r_ 8hops (sheet metal, weldingi tubing, electrical, metaUurgical, _tc.)

! Off!cesPace (test management, planning, records, data processing and

etc.)

e Rangeor base_pport (tracking, security, safety, and medical, etc,)
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3.7 DEVELOPMENT PLAN

3.7.1 Introduction

This section defines the basic plan for the T65D program. The design, develop-

ment, manufacturing, facilities, and test programs have been evaluated to estab-

lish flow times and interrelationships of major work packages. The basic plan

is presented in the form of a Program Summary Schedule, Figure 3.7.1-1, and

a PERT network, Figure 3.7.1-2. The basic plan presents certain noncritical

items in minimum detail (e. g., transtage) or omits the item (e, g., retrorockets)

to reduce the detail complexity of the graphs. These and other noncritical items

will require inclusion in schedules and networks before implementation of a

detailed program co_rol system.

The development pl_,ts based on the supporting operations discussed in Section

3.3.4, including theguidelines and assumptions stated in 3. 3.4.1. Inaddition,

• System contract a_Wa_ date-is assumed to be July 1, 1964.

• M-1 engine dcvelopment Is based on.data from Lewis Re.search Center,

dated January 8,1963 (Confidential), and is consistent with NASA Memo

"Advanced and UnConventional Engine Data," dated January 15, 1963
(Confidential). (see Figure 3.7.1-3.)

* Te_t._dSfO_, p_opul_i_r_ structural, and dynamic tests are assumed to

be ,_:_. Mississippi Test Facility (MTF).

• R_em ents for a solid-motor manufacturing plant are assumed to be

av_e when required in the Southeast.

• Major facility Construction is:assumed to be required for second-stage
manufacture.

3.7.2 Summary

The R&D phase is s_eduled for co_npletion after the seventh successful launch

on or betore the tkt_enth flight test, 7 years and 10 months after contract go-

a ead. Initial ope__ capability (IOC) will be two months later, in

July !9/2. The P_ian.alysis has,defined the critical program path through

the Second flight-_,!_ilaunch w.ithsecond,stage activities critical for a major
part of the time. T_e:'_lysis has also revealed that certain lesser paths will

require ClOse survive. "

3.7..3 .. Program S_ry Schedule

The Program Su_ Schedule, Figure 3.7.1-1, presents the T65D program

calendar requirem_ilfrom system contract award on July 1, 1964, through

IOC on July 1, 1964i The manufacturing completion schedule for the
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operational program is also indicated. The various phases of the program are

discussed in other sections of the report; however, it should be noted that com-

plete vehicles are scheduled for use in structural test, dynamic test, and

checkout of the launch building. For these vehicles the first-stage cases will

be supplied empty except for one inert-loaded case, which will be used on the

ground test vehicle (GTV) for transport, handling, and launch-building checkout.

Initial planning assumes that the structural and dynamic tests will both be

accomplished on one vehicle. Sufficient time has been made available in the

schedule, however, for the production of an extra vehicle, structural test

vehicle (STV) because of the probability that detail schedule reviews will show

that two vehicles are required for these two tests. The necessity for a second

vehicle for these tests will require a second set of tooling and equipment for

production of first-stage motor cases to maintain this schedule.

3.7.4 PERT Network

The "r'_3-:wlr_m _.L.°._..J_ m_--_,-r_. ,vLwux_, Fig-dre 3.7. I-2, p_vsvnts the i_u program planning and

control system from system contract award through the second flight-testlaunch.

This period represents the most criticalportion of the development program.

The critical path is indicated on the PERT network chart by heavy lines. None

of the tasks on this path can be delayed or extended without causing a month-

for-month slide in the completion of the program. The tasks in the critical
path are summarized below:

Task Flow Time Completion Date

Task (InWeeks) Weeks After

Calendar Go-Ahead

Second-Stage Propulsion
Test Stand

Stand Checkout and

Second-Stage _

Propulsion Tests

G round-Test-Vehicle

P ropeilan_ Flow Test
-L

Launch-Buiiding _Checkout

and Refurblshment

Vehicle Assembly , Prelaunch
Operations, _ Launch

Second Launch Operation

156 Sept. 1967 166

49 July 1968 215

12 Oct, 1968 227

15 Jan. 1969 242

17 June 1969 259

27 Jan. 1970 286
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It should be noted that tasks on the "least-slack path" can absorb only a 9-week

delay before, in turn, becoming critical. The tasks involved are indicated by

medium heavy lines and are concerned with the development of the solid motors

for the first stage.

The PERT network is concluded at the second launch with the use of the first

live second stage in the 286th week after contract award. The schedule for

completion of tasks subsequent to that date is indicated in the Program Sum-

mary Schedule, along with the time phasing of the tasks grouped together as
related functions.

3.7.5 Major Subsystem Schedules

3.7.5.1 First-Stage Development

The schedules for first-stage development are presented in Figure 3.7.5-1

through 3.7.5-4, covering cases, nozzles and TVC, propellant and cluster

structure, and manufacturing, respectively. They are based largely on data

supplied by solid-propellant manufacturers considered to be major contenders

for the 260-inch-motor development program, the contract for which is now

pending. The longest flow time requested by the manufacturers was used to

ensure consistency in conservatism with the rest of the schedule. A flow-time

reduction of up to 9 months is deemed feasible with reasonable increase in

risk or COst.

As indicated by the PERT network, Figure 3.7.1-2, motor development, as a

part ofthesolid first stage, is on the least-slack path. This operation can

absorb a maximum of 9 Weeks delay before, in turn, becoming critical. With

regard to first-stage development only, the effect of a reduction in flow time

of critical path tasks is shown below:

,aedu ion New Critical Paths

9 weeks

26 weeks

Currently defined least-slack path

Nozzle TVC development

From the above_ it will be noted that a 9-week reduction in flow time of the cur-

rently_ planned_'ltlcal path will cause first-stage development to become pacing.

It would then require a subsequent reduction of an additional 17 weeks, for a

total Of 26 weeks, before nozzle TVC development would become pacing.

As indicated onthe case development schedule, R&D static firing is conducted

with atotal of se_en cases, the first two of which will be short cases, and the

last five, full length, PFRT will be conducted with the next five rocket motors,

for a "total of 12 used during the development program. The overall flow time

formotor development through PFRT is 51 months. The production of Flight
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Test Vehicle Number 1 is included in this time period, and is completed 1.5

months prior to the fifth PFRT firing to provide a smooth buildup in motor

manufacturing operations.

3.7.5.2 Second-Stage Development

Adequate time is available for all second-stage development operations (see

Figures 3.7.5-5 through 3.7.5-7). With regard to the second stage only, the

effect of flow-time reduction in the currently planned critical path tasks are
shown below:

Reduction New Critical Paths

18 weeks

22 weeks

Fabrication shop construction

Liquid-engine development

3.7.5.3 Ground Support Equipment

The ground support equipment (GSE) development schedule is shown in Figure

3.7.5-8. As indicated by the schedule, GSE development does not begin until

the first quarter of 1965 m after the completion of design of most of the major

subsystems. The first setof GSE is shipped directly to AMR. Initial require-

merits for_ manufJcturing plant operations will be provided by existing equipment

or in-,plant development. Slack time of 46 weeks, however, allows sufficient
time f_ produce much of the in-plant and test-stand requirements. Earlier

comp!ett0nof handling and transportation equipment for the first-stage motors

is avo_detli:_rl usi _ the same pit for casting, curing, and test firing. Floating

drydocks or barges can be rented ff required for both first and second stages.

3.7.5.4 • Facilities

Because of the size of the NOVA vehicle, new facilities are required for most

major subsystems. The initial requirements for the first stage, however, are

assumed to be available as a result of the 260-inch-motor development program

now pending.

The time required for construction of second-stage Propulsion-Test Stand

Number:l (see:F_re 3.7.5-9), coupled with its subsequent full-time utilization,

resu|tS tn fl_ese related tasks becoming the critical path. The transfer of the

propu_ton-test vehicle in continued propulsion tests to Test Stand Number 2

solveS:the critical, utilization problem. However, material reduction in flow

time _thesei:oPez_tions seems unlikely without resorting to two-shift

operation:or: overtime.

The Initial Occupancy Date (IOD) of the second-stage facility of January 1966,

delays second-stQge fabrication by 14 weeks. Eighteen weeks of slack time

IV.208
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remains, however, before these tasks would become critical. With regard to

facilities, the next most critical path is the launch building with a total of

19 weeks of slack time available before becoming critical.

3.7.5.5 Systems Test

Flight test operations are shown in Figure 3.7.5-10. The ground test vehicle

(GTV) will consist of a complete vehicle, including transtage and payload, as is

the case for dynamic test and structural test. One inert motor case is to be

provided for the GTV; the other five will be empty, as will be those for the

dynamic test vehicle (DTV) and structural test vehicle (STV). The GTV will be

used for checkout of Launch Buildings i through 3 for the flight-test program and

will then be used to check out the additional launch buildings required for the

operational program. The first launch will be conducted with a dummy second

stage (labeled 1 D on the summary schedule). Launch Building Number 2 will

be usedfor the third launch; the fii_st two flight tests will be conducted from

Launch Building Number L The second launch is shown as a constraint in the

PERT network only because it is the last event shown on the network.
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4.0 ADVANCED TECHNOLOGY

4.1 INTRODUCTION

In consideration of the reduction of NOVA-class mission costs, a study was

made to determine the savings that might be realized through advancements in

high-energy propulsion systems as applied to this mission. Should such savings

prove significant, a possible delay in operational availability to incorporate

these advances may be advisable. The preliminary findings associated with the
subject work increment are set forth in this section.

4.2 SUMMARY

Three advanced-technology and one current-technology NOVA-class two-stage

(solid/cryogenic) concepts were evaluated on the basis of comparative per-
f_T.'r_'._.., d-_,_r.'-l,_,rr_n.'_r,t _','ial.- rl_.3,,_l,'_,'.,'m,_'.t t-'i-n_,_ _.,,_^'._1-1_ _,....I-,_,_,l-.t_,l ,-1._....,,1,,..,,....,,,...,.,,,.,_-

cost, and cost effectiveness.

The current-technology concept, T65, upon which the preliminary des_n portion

of this study was based, is a tandem-staged vehicle using six solid first-stage
motors and five M-1 second-stage engines.

APM-67 is a parallel-staged vehicle using six solid-booster motors and seven

modified M-1 second-stage engines. Both the solid- and liquid-propulsion

systems are ignited at launch and all units provide thrust vector control (TVC)

by nozzle gimbaling. This design is predicated on the development of the

stepped expansion ratio Or altitude-compensating feature in the M-1 engines.

AT-41 is a tandem-staged vehicle using four solid fixed-nozzle first-stage

motors and a single high-_pressure, high-expansion-ratio, expansion-deflection

(E-D) type second-stage engine. TVC on the first stage is obtained by second-

ary _]eCtt0n of combustion gases by direct chamber bleed. TVC on the second

stageis _Obtained by flow modulation of opposing thrust-chamber segments

(thrott!t_g)0 secondary injection, or a combination of beth.

The APM-41 ,i_:ia parallel-staged vehicle using four solid fixed-nozzle booster

motors and_a single E-D type sustainer engine with partial altitude compensa-

tion, As,_th APM-67, all units are ignited at launch. TVC is identical to
that duscrlbed for AT-41, above.

The advan0ed_technology vehicles were sized for maximum payload/launch weight

rattofor a _-payload size. The principal variables are thrust level and

staging velocity.
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Launch weights and payload in 225-kilometer orbit for the baseline vehicle and

the three advanced-technology vehicles are:

Configuration Launch Weight Payload

T65 38,062,000 1,070,000

APM-67 29,996,000 1,100,000

AT-41 24,944,000 1,100,000

APM-41 21,975,000 1,100,000

Two of the advanced-technology vehicles (APM-41 and AT-41) showed that

significant gains can be made in all categories of comparison except develop-

ment risk and time. APM-41 was best from the standpoints of cost effectiveness,

performance, and growth potential. APM-67 showed some gains in these

categories with less development risk and time. The baseline current-

technology vehicle (T65) shows least development time and risk but rates sub-

stantially below APM-41 in the other categories.

For structural considerations, fixed-nozzle design reduces the first-stage inert

weight; the shorter length of the parallel-staged concept reduces flight bending

loads and permits lighter solid-motor cases because of the reduced static

buckling loads.

Launch cone angles (from building) are 2.2 degrees for the AT-41, 5.0 degrees

for APM-67, and 4.7 degrees for APM-41. Flight control requirements are

3.65 degrees equivalent gimbal angle for AT-41, 5.2 degrees for APM-67, and

5.5 degrees for APM-41. Stage separation occurs at a dynamic pressure of

approximately 100 psf for APM-67 and 300 to 400 psf for AT-41 and APM-41.

Staging is accomplished on APM-67 by sliding the spent solid cluster away from

the liquid core on rails, with retrorocket assist; AT-41 incorporates dual-plane

separation with retrorocket assist; APM-41 is staged by "peeling" the individual

spent solid motors away from _the core in a lateral outboard motion.

Reltabllity_islexpected_to hnprove for the advanced-technology vehicles because

of the additionaltime to develop common subsystems and the additional launch

and operatitmaI e_rience gained With interim vehicles. Of the concepts

studied, highest _retisbility is expected for APM-41 because of fewer propulsion

untts_aud tl_e ca_abflitY_of hold-down for starting the liquid engine. AT-41 has

the _e hUmOr of propulsion unitS, but the reliability is lowered by the in-

flight Start . requ!_ment for the Hq_ engine. APM-67 reliability is slightly

higher than_ T65 because of the hold/-,down feature, but Iess than AT-41 because

of the greater number of propuIsion units.

Manufacturing coB ts _vary according to complexity, size, and rate, with AT-41

indicated as least costly followed by, in increasing order of cost, APM-41,

IV-218
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APM-67, and T65. Manufacturing facilities are quite similar to those required

for the T65, with the exception that new facilities would be required to build

the large E-D engine.

From ground support considerations, AT-41 is most desirable, followed by

APM-41. T65 and APM-67 are comparable in this respect, but are less
desirable than the other two vehicles.

The development test requirements for the various configurations are similar,

differing mainly in the relative phasing of the various tasks. The configurations

using the E-D engine would require a greater interval between start of develop-

ment static test and start of acceptance static test. Flight test requirements

are greater with the parallel-staged vehicles than with the tandem-staged
vehicles.

The development program indicates initial operational capability (IOC) in

m__id-!973 for APM-67, early 1976 for AT-41, _,i _o_ly 1977 for APM-41.

4.3 SELECTION OF CANDIDATE CONFIGURATIONS

A number of advanced NOVA-class concepts were examined. These included

the use of both conventional and unconventional chemical propellant stages and
nuclear stages.

4.3.1 Liquid Fluorine-LiquidHydrogen Propulsion

Performance estimates indicate that the use of fluorine-hydrogen propellants

in altitude-compensating engines would provide single-stage-to-orbit capability

with a good payload-to-launch-weight ratio. The exhaust products are, however,

highly toxic and may contaminate the launch area and the air space used by com-

mercial airlines operating in the vicinity of Cape Canaveral. This may be

avoided by auxiliary boost with nontoxic propellants to an altitude where con-

tamination is, n0 longer a problem, In the case of auxiliary solid boost, the

pay!o_.___weight ratio decreases as the size of the solid stage increases;
ther_oi_, i_s_e should be the minimum required to avoid undue contamina-

tion. :A detafl_i_dy Of the dispersion of toxic effluents would he required

before thia _ystem cou_ be evaluated. Further consideration of fluorine as a

propelil_,f0r this'istudy was dropped upon direction of the MSFC project office.

The ,a_p_toa _t_Ofnuclear propulsion to the NOVA missionWas studied. To

avoid i_ _r_of ,radiation at the launchsite and contamination of the area

in the vicinity of Cape Canaveral, a solid-propellant first stage was planned.

Further:consideratt0n of nuclear propulsion for this study was also dropped

upon direction of the MSFC project office.
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4.3.3 Unconventional Solid-Propellant Motors

On the assumption that Large time variations in thrust tailoff of solid propellant

motors can appreciably affect vehicle control just prior to stage separation,
two booster concepts were examined which would reduce or eliminate this

problem.

4.3.3.1 Annular Booster Concept

This concept, shown in Figure 4.3-1, embodies an annular, or ring-shaped, solid
rocket motor with an end-burning grain. The six nozzles are connected to the

common combustion chamber to minimize thrust variations between nozzles.

Aluminum or other metallic wires are used to increase the burning rate to from

3 to 5 inches per second. This is necessary to produce the required thrust with

a reasonable cross-sectional loading.

This concept, shown in Figure 4.3-2, uses a number of conventional internal-

bur,,_ing star-grain solid rocket n-,otors attached to a common head-end manifold

that also contains a star grain. The manifold equalizes the pressure to essen-
tially eliminate variations in thrust between the nozzles.

Because certain manufacturing, logistic, and technical difficulties were indicated,
these configurations were dropped from the evaluation.

4.3.4 Liquid Oxygen-Liquid Hydrogen Propulsion

A number of advanced-design engines could be considered for the second or

sustainer stage of the subject vehicles. The selection, however, was made

from the engines listed in NASA Memo M-P&VE-PA-29-63, dated January 15,

1963. From this group, the Rocketdyne L-9H Toroidal most nearly matched

the concept requirements. Since this engine is in the technological study

phase only, it was scaled up to match the individual concept requirements.

This engine iS a kigh-pressure unit having a nozzle expansion ratio of 150.

TVC is obtained by throttling the thrust-chamber segments on one side while

implementing the flow,on the opposite side, by secondary fluid injection, or
a combination of both.

The basic nozZLe of the M-1 engine has an expansion ratio of 40. The nozzle

couldbe modified to reduce this ratio to 20 at launch by the insertion of a

jettisonable fl0w separator or a mechanical device to change the ratio to 40 at

the appr0priate altitude.
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4.3.5 Vehicle ConceptSeleetion

A veuciety of advanced vehicle concepts to perform the NOVA missions is possible.

The limited scope of this portion of the effort, however, required deferment of

consideration of many of the less conventional types. Three of the major factors

affecting vehicle configuration are precise payload definition, liquid-propellant

tankage concept, and vehicle guidance and control limitations. To simplify the

configuration and analysis of the advanced vehicles presented in this section,

current-technology payload, tankage, and basic control concepts were used.

.4: 3, 5.1 ..Configuratign, ApM-.67 ..

Configuration APM-67, shown in Figure 4.3-3, is a parallel-staged expendable

launch vehicle using a cluster of six 260-inch-diameter solid-propellant booster

motors and seven modified M-1 sustainer engines. Booster and sustainer pro-

pulsion units are ignited at launch. The booster motors are jettisoned at burn-

4.3.5.2 Configuration AT-41

Configuration AT-41, shown in Figure 4.3-4, is a tandem-staged expendable

launch vehicle using a cluster of four 260=inch-diameter solid-propellant first-

stage:_o _rs and a single expansion-deflection (E-D) second-stage engine.'_"' _?:,_':,i: " • "

__fb;!_:tl :_mTh: C:lse:b?Alt d brnY2:?:t_s of

Du__ separation-:is:used for _'_tng because of the proximity of the large-

die_neter nozzle to the _..2st_ge, and the necessity for rapid start of the

sec(md_-_age engine. S_.sl_gL_ occurs at a relatively high dynamic pres-

_urei 'tli_ _ont_oll_,__rl_' :imustbe minimized. SeDaration adajcent

to the_ie_i_:_e'_i_ tlle!i_iate start: of the engine with a con-

sequ_!_y __f_T_C, _ The remaining interstage is then jettisoned

An _----_"__ti°n' AT-61, shown in Figure 4,3,5, uses a cluster of
six 260 ,_Chi d_er so!Ld-propeUant motors. For optimum design with the
high_o_e.::._-stage .engine, the solid-propellant motors must have

a re__!_i_'_Lme (less tl!au 80 seconds) and high thrust level. As a
resu[t_:'i_ _£_lom_i_t0ad'_ _d _ss fraction of the solid motor tend tO

be I_;. __O_.the thr_t level :of thei:l_dividual motor by using a larger

n_!:ofmot_:_i:_ stage improves the cress-sectional loading, This

appare_nt !mproVemvnt in mass fraction, however, is offset by structure required

to cIu_ter a _:bi._-_er;of units and by a decrease in reliability as thenumber

of u__crea_Cg_: ,-': , .
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4.3.5.3 Configuration APM-41

Configuration APM-41, shown in Figure 4.3-6, is a parallel-staged expendable

launch vehicle using four 260-inch-diameter solid-propellant booster motors

and a single E-D type sustainer engine. All booster units and the sustainer

engine are ignited at launch; the boosters are jettisoned at burnout.

The booster motors have fixed nozzles. TVC is obtained by secondary injection

of combustion gases through direct chamber bleed.

The sustainer engine wasselected in the same manner as the second-stage

engine for AT-41 and was scaled up to provide 9.5 million pounds of thrust.

The nozzle has an expansion ratio of 150 and is capable of up to 95-percent

altitude compensation for efficient operation from launch to orbit injection.

TVC is:0btained by throttling, secondary fluid injection, or a combination of
both.

!. "'

4.3.6 PerformanceEv_uation

Of the configurations examined during the study, three were selected for per-

formance evaluation-- APM-67, AT-41, and APM-41. Configuration APM-67

represents a small extension of current technology and was evaluated for com-

parative/improvement: l_::_i, f ormance over the current-technology vehicle.

No_ _o_CVi'_i_made in this concept by the use ofa variable

or st_iSe0ond-Stagelex_i0n ratio and, of course, further gains are

obtainable _ incre_ M .! engine thrust.

Configuration AT,:41 and APM-41 indicated that significant gains in relative

performance can be made through the use of the high-chamber-pressure, high,

expansion-ratio expansion-deflection :type engine. APM-41 shows the maximum

payload-to-launch-weight ratio.
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4. 4 SIZING AND STAGING

4.4. 1 Mission

The three advsnced-technology conf/gurations were sized to place 1.1 million

pounds into a 225-kilometer orbit. A typical transtage design using storable

propellants will give these vehicles a payload capability of approximately 1-

million pounds into a 567-kilometer orbit.

4. 4.2 Tandem Configuration

The tandem configuration was parametrically sized to determine second-stage

thrust-to-weight ratio giving minimum launch weight. For this sizing, a single

high-pressure LO2/LH 2 engine of undefined thrust level was assumed in the

second s_i The vacuum specific impulse is 454 seconds. Sea-level specific

impulse Of the four first-stage solid motors is 233 seconds.

Minimum launch weight for this configuration is obtained with second-stage

thrust-to-weight ratio equal to 1.0, as indicated in Figure 4.4-1. Tandem

con_ig-ar-ation AT-41 was designed with this thrust-to-weight ratio and is indic-

ated by a circle on Figure 4.4-1. Staging velocity is 3050 feet per second.

4.4.3 iP_el-Modtfied Configurations

Two conf  o, weresi ed. Avehicleu ingfoursolid
motors and One high-pressure liquid sustainer engine was sized for a range of

sust_er thrust.to-weight ratios. This configuration uses the same motors

and engine as the tandem configuration. Figure 4.4-1 indicates that launch

weight decreases as second-stage thrust-to-weight ratio increases. However,

the decrease in launch weight for a thrust-to-weight ratio greater than 1.0 is

small, and this value was chosen as the design point for configuration APM.41.

This configuration is indicated by_ a _circle on Figure 4.4-1. APM-41 is staged

at a velocity of 3300 feet per second. The APM-41 parallel-modified configura-
tion has a launch weight approximately 12 percent less than the AT-41 tandem

conf  r Jo .
.- . . .

The otherparslLe_-modified vehicle has six solid motors and a sustalner with

seven modL_,M.1 engines. Each M-1 engine has a sea-level thrust of 1.25

million 1_, sea-level specific impulse of 347 seconds for the e = 20 phase,

vacuU_ t_ o_ _1'. 5 million pounds, and vacuum specific impulse of 428 sec-

onds fox, the e-_ 40 phase. Launch weight is shown in Figure 4.4-2 for a range

of sts_ velocRles. Configurati0nAPM-67B was designed at the staging ratio

for _m_m latmch weight. This configuration is indicated by a circle in

Figure 4.4-2.. Rs staging velocity is 4630 feet per second.
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4.4.4 Vehicle Comparisons

Each of the advanced configurations has a launch weight considerably less than

the baseline configuration (T65D). The APM-67B weighs about 21 percent less,

the AT-41 about 34 percent less, and the APM-41 about 42 percent less.

4.5 STRUCTURAL CONSIDERATIONS

4.5.1 AT-41 Configuration

The fixed-nozzle design of this configuration would permit a lighter skirt design
because the skirt reaction points could be moved closer to the centerline of the

motor shell. This would be an advantage over the present-technology vehicle

as well as the APM-67B configuration.

The AT-41 configuration would be more critical for launch-pad motor-case

buckling than the current-technology vehicle because of higher loading per motor

case. This would require additional case thickness.

The structural aspects of separation for this vehicle would be simpler than those

of the other advanced-teclmology concepts.

Relative to the other advanced concepts, this vehicle would have greater flight

loads because of its increased length.

The clustering arrangement is a problem because of the large spacing between

motors. This effect would significantly reduce the 1.6 -cps first-mode-frequency

prediction for a rigid,cluster-structure vehicle. The relative weight of the
cluster structure.

4.5.2 APM-41 Configuration

This configuration has fixed nozzles that give it the same advantages in skirt

design as_the AT-4! configuration.

The I_ter weight of this concept and the fact that second-stage weight does not

pass tlirough fl_e motor cases will eliminate the motor-case buckling problem.

The low thrust_tO--weight ratio atb_nout will reduce the fluid-head effects, and

the _roof--te_ _ will be less than for the other concepts.
. L ,_

The shorter length of this vehicle will reduce flight bending loads.

The forward attachment of the motor cases to the second stage can be accom-

plished in a dry-bay area, thereby avoiding concentrated loads in the propellant
tanks.
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The separation scheme for this concept is considered to be a structural problem
area. At a separation dynamic pressure of 400 psf with the vehicle oriented

such that the lift forces arising from an angle of attack act perpendicular to the

rotational plane of separation, large reaction loads will develop in the hinge

structure. This effect, coupled with the dynamic aspects of the situation, war-
rant much additional investigation.

The first-mode frequency for this vehicle is estimated to be 2.9 cps.

4.5.3 APM-67B Configuration

The reduced length of this vehicle will result in reduced flight bending loads.

Motor-case buckling will not be critical for this vehicle because the second-

stage weight does not pass through the motor cases.

The gimbaied nozzies of this configuration make it less desirable than the other

advanced-technology concepts because of skirt design considerations.

The forward attachment of the motor cases must be in the hydrogen tank; this

produces Localized loads and thermal stress problems.

The parallelTst_ing concept using rails to slide the first stage rearward is

subject to bi_ding loads and introduces concentrated loads to the propellant
tanks_... " • -

The first-mOde frequency for this vehicle is estimated to be 2.3 cps.

4.6 WEIGHTS

4.6.1 Introduction

Research objectives are to establish a broad NOVA plan. Three systems were

investigated as part of this study. They have been designated AT-41, APM-41,
and APM,67B, and are discussed in Section 4.6.3.

Preliminar_ first-stage data were extrapolated from a previous study. Second-

stage:preLi_ mass-fraction data were based on information generated as

part 0f_ _s:st_dyl (see Section 4.6.2),

4.6.2 Preliminary Second-Stage Mass-Fraction Data

The preliminary second-stage mass-fraction data (Figure 4.6-t) were based on

the initial estimated performance requirements summarized in Figure 4.6-2.

The initial configuration was assumed to be an LO2/LH 2 vehicle with an expan-
sion_deflection (E-D) engine. The tankage arrangement was similar to that shown

in Figure 4.6-3. Later work was based on the second-stage tankage configura-

tion shown in Figure 4.6-4. The change in configuration did not significantly
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Figure4.6-3 PRELIMINARY SECONDSTAGECONFIGURATION
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affect the validity Of the data for preliminary estimates of second-stage mass

fractions. Criteria and assumptions for these data are listed in Table 4.6-8.

4.6.3 VehicleSummation

The mission of the three vehicles considered is to inject 1.1 million pounds of

payload and an orbital transfer stage into a 225-kilometer orbit. These vehicles

are shown in Figure 4.6-5.

Following are brief discussions of AT-41, APM-41, and APM-67B. Mass-

fraction definitions, separation procedures, stage propellant weights, and stage

thrust levels are covered. (For more detailed information, see Tables 4.6-1

through 4.6-9, and Figures 4.6-1 through 4.6-8.) Table 4.6-1 is a brief out-

line of the weight notation used for vehicle components. It is based on the NASA

W_L_LL_ _,I,II_LQ| UIL*4LIb .,._ JLJL,.U(I,JLLJL&_IkJ. J.LJL _._.L._Q_ _u.Im. _JL.I.Q _JO_,L_JLLJ.q_L--JJ.J[_v_L.L3.,LQ_]L VQ_L.ILII.I,..LQO,

4.6.3.1 AT-41 Configuration

AT-41 is a tandem-stage d vehicle using a solid-propellant first stage with an

LO2/LH 2 second stage. Thesecond stage is ignited coincident to separation.
Sep_ra_on is similar to that used in other tandem-staged configurations. The

interstage separa_ the first and second stages cannot be separated with the

first st_01_c_ of!theL!gOomet_ of the E-D engine. Instead, it is jettisoned

separately/at second, stage ignition in a dual-plane procedure. First-stage pro-

pellant weightconsists of 12.18 million pounds of solid propellant in four 260-

inch_liame_er motor cases. First,stage thrust is 39.15 million pounds at launch.

Total second-stage propellant weight available is 9.25 million pounds. Second-

stage thrust at burnout is 11. 122 million pounds. A single E-D engine is used.

AV reserve propellant is 122,000 pounds.

First-stage _mass fraction is defined as the ratio of total solid-propellant weight

used and the sum of this propellant weight plus the total inert weight jettisoned

at staging. Second-stage mass fraction is defined as the ratio of stage-propel-

lant WeiglR used from ignition to burnout and the sum of this propellant weight

plus_ge iaeri_ weight. Second-stage inert weight includes AV reserve weight.

We_t 8tat_Qts_ are provided in Tables 4.6-2 and 4.6-3. Weight, center of

gravlty, andmoment of inertia dat_ are graphically presented in Figure 4.6-6.

A sketch_at AT-,41 is shown in Figure 4. 6-5.

4.6,3!.2 Al_M-4!:Configuration

APM,41 is a modified parallel-staged vehicle. BLoth stages are ignited at launch

with the booster stage jettisoned after it has burned out. Sustainer operation

is continuous from launch. Separation is achieved by allowing the burned-out
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WEIGHT CODING--BASED ON NASA WEIGHT CODE

FOR LIQUID AND SOLID STAGES

wa

W4

W 5

W6

W7

W8

W9

Wag

vv ai

Wac

as

WaL

War

Structure

Propulsion System and Accessories

Recovery and Re-entry Equipment

Equipment and Instrumentation

Residual and Reserve Propellants and Service Items

Standard Propellant and Service Item Consumption

Other Weight Items

Stage at Ground Ignition

Stage at Cutoff

o. ..... Separation

Stage at Liftoff

Stage Mass Fraction

Subscripts

Wa K

Booster Stage M

Sustainer Stage N

Liquid 0

Solid P

Vehicle Launch Weight

Table 4.6-1
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VEHICLE WEIGHT STATEMENT

AT -41

Payload plus Orbital Transfer Stage (225-kilometer orbit)

Ws 2c Second-Stage Weight at Cutoff

Ws 2d Dry Weight

W7* Trapped Propellants and Gas Residuals

7.2.6 AV Reserves

7.11 P.U. Residual

Vehicle Weight at Second-Stage Cutoff

W8 Second-Stage Propellant

Vehicle Weight at Second-Stage Ignition

3.6.1.2 Interstage Weight

**Vehicle Weight after First-Stage Separation

Ws lc First-Stage Weight at Burnout

Ws ld : Dry Weight

W7 Residual Propellant and Service Items

W8

Vehicle Weight at Fir st-Stage Burnout

First-Stage Propellant Weight

Vehicle Weight at Liftoff

*W7 lese 7.11 and 7.2, 6

**Inter St_age_is jettisoned from second stage at second-stage ignition.

Pounds

( 1, 1oo, ooo)

(887,030)

585,695

134,010

122,000

45,325

(1,987,,030)

(0,128,000)

(iI_!15,030)

(110,105)

(11,225,135)

( i,648,620)

1,470,090

178,530

(12,763,650)

(12,180,000)

(24,943, 6,50)

Table 4.6-2
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STATEMENT -- AT-41 CONFIGURATION -- FINAL ITERATION

Solid NOVA Advanced-Technology Study

Payload and Orbital Transfer Stage

W3 Structure

3.1

Second Stage

W4

LH 2 Container

Skin, Including Stiffening

Forward Bulkhead

Aft Bulkhead

Container, Wall Insulation, Outer

Forward Bulkhead Insulation, Outer

Aft Bulkhead Insulation, Outer

3.1.1,2

3.1.4

3.1.5

3.1.10

3.1.12

3.1.14

3.1.15

3.1.26

LO 2

3.2.4

3.2.5

3.2.15

3.2.26

Antislosh Devices

Miscellaneous

3.2 Container

Forward Bulkhead

Aft Bulkhead

Antislosh Devices

Miscellaneous

3.6 Structure Forward of Tanks

3.7 Structure Between Tanks

3.8 Structure Aft of Tanks

3.9 Thrust Structure

3:14 Base Heat Protection

PropulSion System and Accessories

4.1 Engines and Accessories

4 7 F.el-S tem
4; 7.. 3, 4; 7

4. 7,8 •

4.7.26
r

Fill and Drain, Distribution, and Vent System

Tank Pressurization System
Antivortex Devices

Miscellaneous

Pounds

(1,100,000)

(439,560)

(121,460)

52,800

12,025

15,600

11,595

7,000

7,630

5,850

8,96O

(58,330)

15,145

37,735

2,150

3,300

24,600

84,96O

87,710

55,000

7,500

(131,460)

88,510

23,120

14,015

3,325
50O

5,28O

Table 4.6-3
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WEIGHT STATEMENT--AT-41 CONFIGURATION--FINAL ITERATION

Solid NOVA Advanced-Technology Study

4.8 Oxidizer System

4.8.3,4, 7 Fill and Drain, Distribution, and Vent System

4.8.8 Tank Pressurization System

4.8.10 Antivortex Devices
4.8.26 Miscellaneous

4.10 Control System Hardware

4.10.1 Thrust-Vector-Control Hardware

Equipment and Instrumentation

6.2-12 Electrical, Telemetry, etc.

6.17 Separation System

6.17.1,2 Installed Retro Hardware

6.17.5 Explosive Separation Devices

6.18 Ullage System

Dry Stage

Residual and Reserve Propellants

7.1 LH 2 Pressurants
7.2,6 AV Reserve Propellants

7.3,7 .Thrust Decay Residuals

7.4, 8 Propellant Trapped in Engines and Lines

7.5 LO 2 Pressurants
7.9 Retrorocket Propellants

7.11 MaximumPropellant Utilization Residual (LO2)
7.26 MiscellaneoUs

Stage Weight at Cutoff

Usable Propellant

8.1,2 LO2/LH2 Propellant Consumed

Stag_: Weight :at I_tion

Stage MasS, Fraction*

..," : .

8:1_2
Ws 2e + 8;1,2

Pounds

8,830

5,160

1,225
5OO

1,945

11,000

11 000

( 24 245)

4 800

14 735

6 735

8,000

4,710

(595,265)

(291,765)

11,585

122,000

20,180

33,620

41,535

8,980

a5,325

8,540

(887,030)

(9,128,000)

9,128,000

(i0,015,030)

Table 4.6-3 (Cont.)
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D2-22431-IV

WEIGHT • STATEMENT--AT-41 CONFIGURATION--FINAL

Solid NOVA Advanced-Technology Study

First Stage

ITERATION

Structure (

3.4 Solid Propellant Container

3.4.1,4,6,15,18 Case

3.4.8 Cbntainer Wall Liner

3.4. 8.1 Bonding Material
3.4.8. 2 Tailoff Insulation

3.4.9 _-?For_rd Bulkhead Insulation

3.4:16:.. :' ?Aft Bulkhead Insulation
3.4. 2B Miscellaneous

3.6 Structut_e Forward of Propellant Containers

3- 6, ! Forward Interstage

: 3. 6.1.1 Structure Separating with Stage

3.6.1.2 Structure Undergoing Dual Plane Separation*

3.8

3.6. ll Cluster Structure

Structure Aft of Propellant Containers

3.8.11 Aft Support Structure

3.8.12 Aft Aerodynamic Fairing

Base Heat Prot_.ction

Miscellaneous •

Hardware

etc.

Hardware

Pounds

Ws 'Id

*Intersta

" 4".

stageat second-stage ignition.

Table i_4.6-3 (Cont.)

1V-249

1,176,125)

851,665

728,120

82,800

51,200

31,600

2,140

15,205

23,400

282,775

143,._795

33,690

110,105

138,980

23,955

17,875

6,080

7,500

10,230

260,735)

246,235

14,500

14,500

33,230)

4,000

29,230

1F470,090



W7

Ws Ic

W8

Ws li

Ws If

Wv IL

D2-22431-IV

WEIGHT STATEMENT AT-41 CONFIGURATION FINAL ITERATION

Solid NOVA Advanced-Technology Study

Residual Propellant and Service Items

7.9 Service Item s, Trapped and Reserves

7.9.13 Separation System Propellants

7.11 Solid Propellant Slivers (Inert)

Stage Weight at Cutoff

Usable Propellant

8.5 Solid Propeilant Consumed

Stage Weight at I_aition

Stage Mass Fraction*

Vehicle Launch weight

(0.881)

Pounds

( 178,530)

114,940

114,940

63,590

(1,648,620)

(12,180,000)

12,180,000

(13,828_,620)

(24,943,650)

*Ws If =

Table 4.6-3 (Cont.)
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VEHICLE WEIGHT STATEMENT

APM-41

Payloadplus Orbital Transfer Stage(225-kilometer orbit)

Ws 2c Sustainer-StageWeight at Cutoff

Ws 2d Dry Weight

W7* Trapped Propellants and Gas Residuals

7.2,6 AV Reserves

7. ii P.U. Residuals

Vehicle Weight at Sustainer Cutoff

W8 Sustainer Propellant

Vehicle Weight After Booster •Dropoff

Ws lc Booster Weight at Burnout

Ws ld Dry Weight

W7 Residual Propellant and Service Items

Vehicle Weight at Booster Burnout

W8 Booster :Propellant Weight

8,1,2 Liquid Propellant

8.5 Solid: Propellant

Vehicle Weight at Liftoff

Pounds

(1,100,000)

(920,800)

610,195

132,345

125,000

53,260

(2,020,800)

(8,875,000)

10 _895,800

( 858,595)

817,355

41,240

(11,754,395)

(10,220,000)

1,870,000

8,350,000

(21,974,395)

*W7 leas 7.2, 6 and 7.11

Table 4.6-4
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WEIGHT STATEMENT -- APM-41 CONFIGURATION m FINAL ITERATION

Solid NOVA Advanced-Technology Study

Payload and Orbital Transfer Stage

W3

W4

Structure

3.1

3,2

3.6

3.7

3:8

3.9

3.14

Sustainer Stage

LH 2

3.1.

3.1.

3.1.

3. t.

3.1.

3.1.

3.1.

3.1.

LO 2

3.2.
3.2.

3.2.15

3.2.26

Container

1,2 Skin Including Stiffening
4 Forward Bulkhead

5 Aft Bulkhead

10 Container, Wall Insulation, Outer

12 Forward Bulkhead Insulation, Outer

,t'_ a_tli, DUlI_AI_tU III_Uli:tLIUU, k.YUL_I"

15 Antislosh Devices

26 Miscellaneous

Container

4 Forward Bulkhead

5 Aft Bulkhead

Antislosh Devices

Miscellaneous

4jl.

4.7

Structure Forward of Tanks

Structure Between Tanks

Structure Aft of Tanks

Thrust Structure

Base Heat Protection

Propulsion System and Accessories

E_gines and Accessories

Fuel Systems

_ 4:7.3, 4,7
4.7.8 "

4.7.10

.4.7.26

Fill and Draia, Distribution, and Vent System

Tank Pressmcization System
Antivortex Devices

Miscellaneous

Table 4.6-5

Pounds

(1,100,000)

(437,505)

(126,310)

57,825

12,025

14_ 700

11,070

7,000

#, DJU

6,160

9,900

( 48, 615)

15,145

27,560

2,270

3,640

25,070

86,430

87,580

56,000

7,500

( 134, 58O

93,400

22,750

13,600

3,400

500

5,250

IV-252



W6

Ws 2d

W7

Ws 2c

W8

Ws 2i

Ws 2f

* Ws2f

D2-22 431-IV

WEIGHT STATEMENT -- APM-41 CONFIGURATION -- FINAL ITERATION

Solid NOVA Advanced-Technology Study

4.8 Oxidizer System

4.8.3,4,7

4.8.8

4.8.10

4.8.26

Fill and Drain, Distribution, and Vent System

Tank Pressurization System
Antivortex Devices

Miscellaneous

4.10 Control System Hardware

4.10.1 Thrust-Vector-Control Hardware

Equipment and Instrumentation

6.2-12 Electrical, Telemetry, etc.

6.17 Separation System

6.17.1,2

6.17.9

6.17.10

Installed Retro Hardware

Staging Structure

Mechanical Separation Devices

6.18 Ullage System

Dry Stage

Residual and Reserve Propellants

7.1

7.2,6

7.3,7

LH 2 Pressurants

AV Reserve Propellants

Thrust Decay Residuals

7, 4,8

7.5

7.9

Propellant Trapped in Engines and Lines

LO 2 Pressurants

Retror0cket Propellants

7.11 Maximum Propellant Utilization

7.26 M!SCel_eous

StageWeight:atCuto  
Usable Propellant

8.1,2 . LO2/_ _. Propellant Consumed

Stage Weight at Booster Dropoff

Stage MaSs Fraction*
,i

= 8.!,2
WS 2e + 8.1,2

Residual

Table 4,6-5 (Cont,)

IV-253

(LO 2)

(0.906)

Pounds

8,680

5,000

1,250

500

1,930

9,750

9,750

(38,110)

4,800

33,310

7,010

23,900

2,400

None

(610,195)

(310,605)

13,380

125,000

19,500

33,600

48,125

9,345

53,260

8,395

(920,800)

(8,875,800)

8,875, 8OO

(9, 79 5,800)



W3

W4

W6

Ws Id

W7

D2-22431 -IV

WE IGHT STATEMENT -- APM-41 CONFIGURATION -- FINAL ITERATION

Solid NOVA Advanced-Technology Study

Booster Stage

Structure

3.4 Solid-Propellant Container

3.4.1, 4, 6, 15, 18 Case

3.4.8 Container Wall Liner

3.4.8.1 Bonding Material
3.4.8.2 Tailoff Insulation

3.4.9 Forward Bulkhead Insulation

3.4.16 Aft Bulkhead Insulation

3.4.26 Miscellaneous

3.8 Structure Aft of Propellant Containers

3.8.11 Aft Support Structure

3.8.12 Aft Aerodynamic Fairing

3.10 Other Fairings and Associated Structure

3.i0. I Nose Fairings

3.14 B.ase H_t Protection

3.26 Mi_llaneou§:

Propulsion System

4.2 Nozzles

4.10 Stage Control System Hardware

4.10.1 Thrust-Vector-Control Hardware

Equipment and Instrumentation

6.2-12 Electrical, Telemetry, etc.

6.17 Separation Systems

Dry Stage

Residual l_opellant and Service Items

7.9 Service Items, Trapped and Reserves

7.9.13 Separation System Propellants

7.11 Solid-Propellant Slivers (Inert)

Table 4.6-5 (Cont.)

IV-254

Pounds

(647,145)

583,345

493,710

50,900

33,000

17,900

2,140

22,685

13,910

39,900

39,900

None

6,440

6,440

13,000

4,460

(137,520)

126,120

11,400

11,400

(32,690)

2,950

29,740

(818,800)

(41,240)

41,240



D2-22431-IV

WEIGHT STATEMENT --APM-41 CONFIGURATION _ FINAL ITERATION

Solid NOVA Advanced-TeChnology Study

Pounds

Ws lc

W8

Ws li

Ws lg

Ws lb

Ws !f

Wv 1L

Stage Weight at Cutoff

Usable Propellant

8.1, 2 LO2/LH 2 Propellant Consumed

8.5 Solid Propellant Consumed

Booster Weight at Ignition

Stage Weight at IgnRion

Booster MasslFraction*

Vehicle Launch WeiF_ht

(0.90 

( 858_ 595)

(10,220,000}

1,870,000

8,350,000

( 9_ 208 r 595 I

(11,078,595)

(21 _974,395)

* Ws 2b -

** Ws If =

Table 4.6-5 (Cont.)
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VEHICLE WEIGHT STATEMENT

APM-67B

Ws 2c Sustainer

Ws 2d

W7*

7.2,6

7.11

Payload plus Orbital Transfer Stage (225-kilometer orbit)

Stage Weight at Cutoff

Dry Weight

Trapped Propellants and Gas Residuals

AV Reserves

P.U. Residuals

Vehicle Weight at Sustainer Cutoff

W8 Sustainer Propellant

Vehicle Weight After Booster Dropoff

Ws lc Booster Weight at Burnout

Ws ld Dry Weight

W7 Residual Propellant and Service Items

_ . Ve2_i'cle Weight at Booster Burnout

W8 : Booster Propellant Weight

8. _, 2 Liquid Propellant

8.5 Solid Propellant

Vehicle Weight at Liftoff

Pounds

(1,100,000)

(1,129,700)

773,670

151,700

147,000

57,330

(2,229,700)

(9,103,000)

(11_332,700)

(1,392,62o)

1,299,730

92,890

(12,725,32o)

(17,270,000)

2,450,000

14,270,000

(29 , 995 , 320)

7,,, ,

*Less 7.2, 7.6, and 7.11

Table 4.6-6

IV-256
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WEIGHT STATEMENT ---APM-67B CONFIGURATION -- FINAL ITERATION

Solid NOVA Advanced-Technology Study

Payload and Orbital Transfer Stage

Sustainer Stage

W3 Structure

3.1

3.2

LH 2 Container

3.1.1,2 Skin, Including Stiffening
3.1.4 Forward Bulkhead

3.1.5 Aft Bul_khead

3.1,10 Contains. r, Wall Insulation, Outer

3.1,12 : Forwar_l Bulkhead Insulation, Outer

3.1,15 AnUsloSh :,Devices

3.1.26 Miscellaneous

LO 2 Container

3.2.1, 2 Skin, InCluding Stiffening

3.2.4 Forward Bulkhead

3.2.5 Aft Bulkhead

3.2.15 Antislosh Devices

3.2.26 Miscellaneous

3.6 Structure Forward of Tanks

3.7 Structure Between Tanks

W4

3.8 Structure Aft of Tanks

3.9 _ =" :T]lrust St_Cture

3.1_ :: _ HeAt.Protection

Pro_s!o_,sy_em and Accessories

[_.7_:_,_4_T/'Filland Dram,_ Distributio , and Vent System

L_.'_:,, ;:..... #rank Pressurization System

Antivortex Devices

:.;: •Miscellaneous

Table 4. 6-7

Pounds

i, i00,000)

576,310)

163,885

84, 110

17,490

22,680

9,085

3,605

31935

7,360

15,620

68,175

3,190

14,730

40,790

2,260

7,205

37,980

88,370

104, 400

104, 000

9,500

164,415)

122,000

25,300

14, 535

3,520
5O0

6,745

lV-257
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W6

WEIGHT STATEMENT RAPM-67BCONFIGIYRATION--FINAL ITERATION

4.8

Solid NOVA Advanced-Technology Study

Oxidizer System

4.8.3, 4, 7 Fill and Drain, Distribution, and Vent System

4.8.8 Tank Pressurization System
4.8.10 Antivortex Devices

4.8.26 Miscellaneous

4. 10 Control System Hardware

4.10.1 Thrust-Vector-Control Hardware

Equipment and InstrumentatiOn

6.2-_12 Electrical, Telemetry, etc.

6.17 Separation Systems

6.17.1, 2 Installed Retro Hardware

6.17.5 Explosive Separation Devices

6.17.8 Separation Rails

Ws 2d Dry Stage

W7

Ws 2c

W8

Resi_ and ReserVe/Propellants

Pressurants

7.2, 6 AV Reserve Propellants

7.3, 7 Thrust Decay Residuals

7.4, 8 Propellant Trapped in Engines and Lines

7.5 LO2 Pressurants

7.9 Retrorocket Propellants

7.11 Maximum Propellant Utilization Residual (LO2)

7.26 .... Mi_ceHaneou s

stage_Wei_ at Cut0ff

8.1,2 _bpeilant Consumed

sta_ge,Wei_t, at _er Dropoff

stage F  tion*

Ws 2i

Ws 2f

* Ws 2f = 8.1 i2
Ws 2c + 8.1,2

(0.89O)

Pounds

8,115

4,465

1,080

500

2,070

9,000

9,000

(32,945)

8, 200

32,945

8,645

3OO

24,000

(773,670)

( 356,030)

•26,270

147,000

17,500

38,100

52,715

11,530

57,330

5,585

( 1,129i 700)

(•9,103_000)

9,103,000

(10, 232 ' 700)

Table 4.6-7 (Cont.)
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W3

W4

W6

Ws ld

W7

Ws lc

DZ-22431.IV

WEIGHT STATEMENT m APM-67B CONFIGURATION m FINAL ITERATION

Solid NOVA Advanced-Technology Study

Booster Stage

Structure

3.4 Solid-Propellant Container

3.4.1, 4, 6, 15, 18 Case

3.4. 8 Container Wall Liner

3.4.8.1 Bonding Material
3.4. 8.2 Tailoff Insulation

3.4• 9 Forward Bulkhead Insulation

3.4.16 Aft Bulkhead Insulation

3.8 Structure Aft of Propellant Containers

_,_ -,_ture3.8.11 Aft Support °*_"_

3.8. 12 Aft Aerodynamic Fairing

3.10 Other Fairings and Associated Structure

3.10.1 Nose Fairings

3.14 Base Heat Protection

3.26 Miscellaneous

Propulsion System

4.2 Nozzles

4.10 Stage Control SystemHardware

4.10.1 Thrust-Vector-Control Hardware

Equipment and Instrumentation •

6.2-12 Electrical, Telemetry, etc.

6.17 Separation Systems

Dry Stage

Residual Propellant and Service Items

7.9 Service Items, Trapped and Reserves

7.9.13 Separation System Propellants

Solid-Propellant Sliver s (inert)7.11

Stage Weight at Cutoff

Table 4.6-7 (Cont,)

IV-259

Pounds

1, 0 67,0 80)

997,370

843,815

92,480

60,000

32,480

3,210

32,040

42,750

42,750

9,660

9,660

13,500

3,800

212,965)

195,840

17,125

17,125

19,685)

5,125

14, 560

1_ 2991730)

92,890

18,.230

18,230

74,660

i, 392, 62O)
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D2-22431-IV

WEIGHT STATEMENT w APM-67B CONFIGURATION -- FINAL ITERATION

Solid NOVA AdVanced-Technology Study

Usable Propellant

8.1, 2 LO2/LH 2 Propellant Consumed

8.5 Solid Propellant Consumed

Ws li Booster Weight at Ignition

Ws lg Stage Weight at I_nition

Ws lb Booste_/Mass Fraction_

Ws If Stage _l_ass Fraet_qn**

W_, 1 X. V_}_i_1'_ T._,,n_h _O_/_f_ht

Pounds

(17,270,000)

2,450,000

14, 820,000

(16_ 212_ 620)

(18,662_ 620)

8.5

* Wslb = Wl--s2c÷8.=,2

** Ws if =
.,. 8,1,2 +8. 5'_.,

Ws Io+ 8. i, 2::.:_8._5

Table 4.6-7 (Cont.)
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D2-22431-IV

DESIGN CRITERIA FOR LO2/LH 2 STAGES

AT -41 APM-41 APM-67B

Propulsion

Boost Pumps

Thrust Per Engine

Sea Level

Vacuum

Mixture Ratio O/F Nominal

Engine-Out Design

Engine Type

Number of Engines

Expansion Ratio

Ullage Rockets

Pressurization

Fuel Tank Pressurization Concept

Fuel Tank Mean Gas Temp. at BO (OR)

Fuel Tank Pressure at BO (psia)

Oxidizer Tank Pressurization Concept

Oxidizer Tank Mean Gas Temp. at BO (°R)

Oxidizer Tank Pressurization at BO (psia)

Helium Slug Mean Gas Temp. at Start (°R)

Structure

Ultimate Factor of Safety

Yield Factor of Safety

Tank Diameter (feet)
Tank Material

Tank Construction

Tank Ultimate Tensile Strength (Ksi)

Tank Yield Tensile Strength (Ksi)

Common Bulkhead

Separate Bulkheads

Bulkhead Ellipse :_

Oxidizer Tank Loc._tion

De i :L it Wind
PAYLOAD(miUl0 o ipo ds)

No No No

9.3 9.5 8.75

11.1 11.3 10.5

6 6 5

No No No

E-D E-D Mod M-1

1 1 7

150 150 20/40

Yes No No

(He SLUG_GH 2 on LH2)
160 160 160

32 32 39

(He SLUG--GO 2 on LO2)
270 270 270

34 34 29

530 530 530

1.4 1.4 1.4

1.1 1.1 1.1

70 70 70

(Aluminum Advanced Technology)

(Waffle Stiffened Skin)
71.7 at 84.0 at 100.8 at

R.T. LO2T LH2T

56.0 at 65.0 at 71.12 at

R.T. LO2T LH2T

No No No

Yes Yes Yes

(0.7 Forward _ 0.8 Aft)
Aft Aft Aft

(NASA 99% Prelaunch Ground Wind)

1.1 1.1 1.1

Table 4.6-8
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D2-22431-IV

DESIGN CRITERIA FOR SOLID PROPELLANT STAGES

Basic Motor

Diameter (inches)
Material

Ultimate Tensile Strength (psi)

Number Required

Thrust per Motor (millions of pounds)

-Ultimate Factor of Safety

Yield Factor of Safety

Expansion Ratio

Cross-section I_. Efficiency

Thrust Vector Control

Separ_ion Rockets Required

Separation Procedure

AT -41 A PM-41 A PM-67B

260 260 260

Maraged Maraged Maraged

Steel Steel Steel

300,000 300,000 300,000

4 4 6

9.7875 6. 125 5.895

1.4 1.4 1.4

1.1 1.1 1.1

5 5 6

0.68 0.70 0.70

Direct Direct Gimbal

Chamber Chamber

Bleed Bleed

Yes No Yes

Dual- Indict[dual Rail-

Plane Case Guided

Separation Jettison Separation

Table 4. 6-9

L'

% '"
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case to first rotate about a hinge at its base, thus disengaging from the sustainer

stage. An LO2/LH 2 sustainer stage is used. Total sustainer propellant weight

available is 10,870,000 pounds, of which 1,870,000 pounds are used during

booster assist, leaving 9,000,000 pounds to be used by the sustainer alone, Sus-

tainer thrust is 9,500,000 pounds at launch and approximately 11,300,000 pounds

at burnout. A single E-D engine is used. AV reserve propellant is 125,000

pounds. The engine operates on an 0xidizer-to-fuel mixture ratio of 6.0. Booster

propellant weight consists of 8,350,000 pounds of solid propellant in four 260-

inch-diameter cases, and 1,870,000 pounds of liquid propellant. Boost thrust

is 24,500,000 pounds delivered by the solid-propellant motors and 9,500,000

pounds delivered by the sustainer engine, giving a total launch thrust of 34,000,000

pounds.

Sustainer maes_fra_tl0n f'e defined as the ratio of sustainer propellant weight used

from _ dro_ to burnout and the sum of this propellant weight plus the

sustainer inert Weight. Stmtainer inert weight includes AV reserve weight.

" " - - *_.......................... ight

used durin_ booster assist, and the sum of booster propellant weight used
plus the total inert weight jettisoned at staging, Stage mass fre_ction i8 defined

as the ratio of total propellarit weight used during booster assist (solid and

liquid propellants) and the sum of the propellant weight used plus the total inert i

weightl jett!_oned at Btagi_.

We_S_ment_ m-e provided in Tables 4.6-4 and 4.6-5. Weight, center of

mom at of  rtta data are aphieally presentea in Vigure4.6"7.
A sko_ Of APM-41 is shown in Figure 4.6-5.

4.6._.3 APM-67B Configuration

APM-67B is a parallel-staged vehicle. Both stages are ignited at launch with

the booster stage jettisoned after it has burned out. LO2/LH 2 sustainer opera-

tion is continuous from launch. Separation is achieved by allowing the burned-

out cluster of cases to travel aft under the influence of a system of retrorockets.

The cluster is guided by a set of rails mounted on the sustainer. Total sus-

tainer propellaut weight available is 11.7 million pounds, of which 2.45 million

pound_$ are u.sed during boost assist, leaving 9.25 million pounds to be used by

the sus_er _alone. Sustainer thrust is 8.75 million pounds at launch for seven

engin_ }rid 10.5 million pounds at burnout. The engines operate on an oxidizer-

to-fu6t _ure ratio of 5.0. AV reserve propellant is 147,000 pounds. Booster

proPellanl_ Wetgl_ consists of 14.82 million pounds of solid propellant in six 260-

inch-_liameter eases, and 2.45 million pounds of liquid propellant. Booster

thrust is 35.37 million pounds delivered by six solid motors with 8, 75 million

pounds of thrtmt delivered by seven modified M-1 stmtainer engines for a total

launch thrust of 44.12 million pounds,

IV-266
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Sustainer mass fraction is defined asthe ratio of sustainer propellant weight
usedfrom booster drop-off to burnout, and the sum of this propellant weight
plus the sustainer inert weight. Sustainer inert weight includes AV reserve

weight. Booster mass fraction is defined as the ratio of booster (solid only)

propellant weight used during booster assist, and the sum of booster propellant

weight used plus the total inert weight jettisoned at staging. Stage mass frac-

tion is defined as the ratio of total (solid and liquid) propellant weight used dur-

ing booster assist, and the sum of the propellant weight used plus the total

inert weight jettisoned at staging.

Weight statements are provided in Tables 4.6-6 and 4.6-7. Weight, center of

gravity, and moment of inertia data are graphically presented in Figure 4.6-8.

A sketch of APM-67B is shown in Figure 4.6-5.

4.6.4 Vehicle Design Criteria

Tables 4, 6-8 and 4.6-9• describe the design criteria usedin the design of

vehicles AT-41, APM-41, and APM-67B for purposes of weight estimation.

Criteria and assumptions for the preliminary second-stage mass-fraction data

are described in Section 4.6. z and are included in Table 4.6-8.

4.6.5 Weight, Center of Gravity, and Moment of Inertia Data

Center of gravity, weight, and mass moment of inertia data for configurations

AT-41, APM-41, and APM-67B are shown in Figures 4. 6-6, 4.6-7, and 4.6-8.

The abscissa of each plot is labeled "Percent of Total Burntime." This is based

on the assumption that the mass flow rate for each propellant is constant.

The data for APM-41 and APM-67B include the entire thrust history from launch

to sustainer burnout, including booster burnout.

The data for AT-41 include the thrust history of the first stage only, from launch

to second-stage ignitiom
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4.7 PROPULSION SYSTEM FEASIBILITY

4.7.1 Introduction

Preliminary designs are shown for 260-inch solid-propellant motors meeting

specified thrust levels with given propellant weights. A variety of grain designs

are used. Except for the chamber-bleed TVC system assumed, no advance in

technology is required compared to the T65 first-stage motors.

Liquid-oxygen/liquid-hydrogen propellants are used, delivered under pressure

of vaporized propellants, to modified M-1 and advanced high-pressure expansion-

deflection (E-D} engines. Performance of the parallel-staged vehicle using the

E-D engine is significantly improved over the baseline vehicle.

4.7.2 First Stages and Booster Stages

_= = 4,J ,,k

The booster stage of this parallel-staged vehicle consists of four 260-inch motors

mounted symmetrically around the LO2/LH 2 sustamer stage. Peel-off separa-

tion of the spent solid motors is assumed.

Design requirements established on vehicle performance considerations were met

readily by a conVentional internal-burning star grain. Motor characteristics are

summarized in F:igure 4.7-1. The slightly regressive thrust trace and rather

long tailoff do not compromise the parallel-staged vehicle as they do a tandem

configuration. Design and operation of these motors indicate no more develop-

ment risk than, the T65 motor except for one factor -- the assumption of a direct-

chamber-bleed thrust-vector-control system• Substantial progress has been

made in the past year in hot gas valving, however, and the assumption does not

seem inconsistent with the development timing assumed for this vehicle. If

development problems should be encountered in aft-end ignition systems for very

large solid-propellant motors, this configuration lends itself to convenient

installation of conventional igniters.

4.7..2,2 Co nfigurgtion APM-67B

Characterist_s of:the booster-stage motors for this configuration are shown in

Figure 4,?-2_ With the somewhat less demanding gimbaled-nozzle TVC system,

these motor_ represent the same technology and, therefore, no higher develop-

ment risk than the T65 baseline vehicle first-stage motors.

4.7.2,3 Configuration AT-41

A summary description of the first-stage motors for this vehicle is given in

Figure 4.7-3. With the direct-chamber-bleed TVC system, development prob-
lems are expected to be the same as for the APM-41 vehicle.
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Outside diameter, in. 260

Motor case length, in. 1089

Grain type Six-point star

web thickness, in. 35.25
cylindrical cross section loadi_q_ .68

port to throat area ratio 2.42

Thrust, initial S.L., lb 6.239 x 106

web time mean S.L., Ib 6.09_ x I0-

Web burn time, sec
Action time, sec

68

102

Chamber pressure

head end max_ psia
nozzle entrance total,

web t_e mean
Throat area, in.

Nozzle expansion ratio

66O
598

7150
5.93

Delivered specific impulse

S.L. web time mean, sec

Propellamt weight, Ib

H

!
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!

Figure4.7-1 SUMMARYDESCRIPTIONOFFIRSTSTAGEMOTORS
Configuratlon APM-41
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TIME - SECONDS

Outside diameter, in. 260

Motor case length, in. 1192

i Grain type Seven-point star
web thickness, in. _7._

cylindrical cross section loading 0.65

port to throat area ratio 2.7D

Thrust, initial S.L., lb 6°0_5 x 106

web time mean S.L., Ib 5.8500 x lO-

Web burn time, sec 8_
Action time, sec 123

Chamber pressure
head end maximum, psia 648

nozzle entrance total, 598
web time m_an

Throat area, in.- 6868

Nozzle expanstion ratio 5.96

Delivered specific impulse
S.L. web time mean, sec

Propellant weight, lb,

2_.4

2.470 x 106

Figure.4.7-2 SUMMARY DESCRIPTION OF FIRST STAGEMOTORS
Configuration APM-67B
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Outside diameter, in..
Motor case length, in.

Grain type Six-point wagon wheel

web thickness, in. 26.44

cylindrical cross section loading .65

port to throat area ratio 1.652

Thrust, initial S.L., Ib 10.975 x I0_

web time mean S.L., ib 10.036 x i0v

Web burn time, sec

Action time, sec

59
96

Chamber pressure, psia
head end maximum 729

nozzle entrance total, 622

web time mean

Throa_ area, in. 2 11302

Nozzle expansion ratio 4.99

Figure4. 7-3

Delivered specific impulse 233.5

S.L. web time mean, sec

Propellant weight, Ib 3.0385 x 106

SUMMARYDESCRIPTIONOFFIRST STAGEMOTORS
ConfigurationAT-41
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In none of these configurations is there a demand for unique grain design, high

burning rates, or exceptional physical properties. Tailoff duration of all motors

is limited by the use of inert slivers. Other grain designs could be developed to

meet variations in the design requirements assumed for these vehicles.

4.7.3 Second Stages and Sustainer Stages

4.7.3.1 Configurations APM-41 and AT-41

The pacing propulsion component among the advanced-technology vehicles is the

high-pressure, high-expansion ratio, altitude-compensating E-D engine concept,

This engine represents the greatest area of technical risk for the advanced-techno-

logy vehicles. The considerable vehicle performance payoff associated with this

engine concept, especially ln the parallel-staged configuration, should encourage

an early effort to demonstrate fu!10perational feasibility for this or a similar

engine dealgno 'The propeHauttan!m_ ge and feed system for these vehicles is
• ° .. o_ . .

strmgnuurwarcL

4.7.3.2 Configuration APM-67B

This vehicle represents an applica_on of M-1 engines modified for sea-level and

vacuum:operation. The modification would consist of additional flow separators

in the::_zzle to induce ne_-optimum expansion at one or more altitudes during

boost_ ::•_y could _ _! form of physical wedges or secondary injection. The
prob_l_:ii_S migh_ _i_r_ce m local description of the nozzle cooling have not

been: __ed. i: _

4, 8 _LIGHT CONTROL

4.8.1 Control RecluirementS

The cun trQ1 r_mentS of the advanced-technology vehicles are presented in

Table 4,8_1. The_ deflection required to trim 8 degrees of angle-of-attack
is an__matt0n 0_;the dynamicdeflection that would be required ff the vehicles

were _jeC_ted to_a_ 99-percent _ profile during boost. This has been found to

be a _d!iap_e_ti0n:to use wh_ a continuous boost simulation is not made.

The _c i____!_ustdeflection is based on three-sigma probability
mt_ _i_tist_tevet :_iation, thrust-line variation, and vehicle

ce_a;vi_i:_ti_n; An allowance of 1 degree of deflection is included

in:r_des_;_:_!_flection to eo_nsate for hardware compliance. The total
des_i:i__an/:l]si:_i_ter than 5 degrees for the parallel vehicles and less than

The r.equirv_tSofiltlie_two parallel: vehicles are similar in magnitude since the

vehicles are similarl _size and shape. The requirements of the tandem vehicle

are typically iess than th0se of the parallel vehicles because the higher moment
of inertia of the tandem configuration makes the vehicle less sensitive to flight-

path disturbances.
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CONTROL REQUIREMENTS SUMMARY

Configuration AT-41 APM-67B APM-41

Maximum Aerodynamic Angular

Divergence
(-_-) 0.44 0.98 1.02

l max

Control Authority at Maximum

Dynamic Pressure

(MI__ 3.1 1.7 1.6
w

Thrust Deflection Required to

Trim 8_-Degree Angle--of-Attack
(degrees) 2.6 4. 1 4.4

Root-Sum-Sq_,_a_e Static-Thrust

Root-Sum-Square Total Thrust

Deflection Required (degrees) 2.65 4. 21 4.51

Design Thrust Deflection

(degrees) 3.65 5.2 5.5

Table 4.8-1

4. 8.2 LaunchV a cs

Launch drift angles are computed for each configuration to determine their rela-

tive adaptability to the ground equipment requirements. Table 4.8-2 Usts the

results obtained for conventional launch and for launch from a building 200 feet

higher than the vehicle length. The results shown axe somewhat flexible, since

no attempt has been made to control the vehicle drift, If necessary, additional
control feedbacks can be used in addition to the attitude error and attitude rate

to reduce drifl_ at launch.

LAUNCH CONE ANGLE SUMMARY

Conflsuration AT-41

La_ch from Building (degrees) 2.2

APM-67B APM-41

5.0 4.7

Conventional Launch (degrees) 2.7 5.5 5.4

Table 4.8-2
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4.8.3 Stage Separation

The advanced-technology vehicles are compared on a qualitative basis only.

Stage separation for the AT-41 configuration occurs at a dynamic pressure of

300 to 400 psf and a dual-plane separation mode is proposed. Previous studies

have indicated that a tailoff time of 10 seconds to the 10-percent thrust level

will eliminate nozzle canting requirements. In addition, the use of inert slivers

to terminate thrust at about 1 million pounds per motor will reduce total retro-

rocket requirements to about 1 g on the booster stage. The primary separation

plane is at the exit plane of the second-stage nozzle. After separation, a very

short coast time (less than 1 second) and a rapid thrust buildup are necessary to

keep vehicle divergence under control. An alternate procedure to allow for more

extensive preignition procedui'es and a less restrictive requirement on thrust

buildup of second-stage engines is to use a reaction-control system on the second

stage. Reaction controlwould operate for 3 to 5 seconds and, when second-stage

thrust builds up, the interstage structure and possibly the reaction-control pack-

age would be ........ A .......................rel.ame u_ m_III_UlOUsepar_.L_,u anu [_]._JL_U, eu, 0.1. Ui._IJU_lll _

interstage is necessary to ensure that the second-stage rocket nozzle is not

damaged.

Stage separation for the APM-67B vehicle occurs at a dynamic pressure of less

than 100 psf. The solid-motor tailoff is 20 to 25 seconds to eliminate nozzle

canting requirements and inert slivers are used to terminate thrust at about 10

percent. Six of the seven sustainer-stage engines are gimbaled (6.5 degrees

maximum deflection) during the tailoff but are zeroed during separation while

retrorockets move the solids along guide rails. Separation is initiated by a

single-plane cut near the M-1 gimbal plane shortly after solid-stage thrust goes

to zero. Retrorockets mounted on the base-tie structure pull the solid-motor

cluster off the sustainer stage. A net retrograde acceleration of 1 g results in

about 3 seconds between initiation of the separation and clearance of the sustainer

stage. Relative forces and moments between stages are unknown when the solid-

motor cluster is in contact with the second-stage rocket plane.

Stage separation for the APM-41 vehicle is similar to that for the APM-67B,

except that dynamic pressure is higher and the separation mode is different. The

APM-41 staging is accomplished by simultaneously releasing the forward motor

attachments, This leaves the motors free to rotate about individual aft-hinge

attachments. Aer_mic forces (and applied forces, ff required) start the

rotational motion of each case. When the motor attitude with respect to the sus-

tainer stage:is sufficient to ensure :clearance, the aft-hinge attachment is

released. Aerodynamic drag on the motor case and acceleration of the susf_iner

complete the separation. Because of variations in aerodynamic drag, each motor

may release independently (that is, whenit achieves the correct attitude). It is

felt that the differences in time of aft-hinge release will be so small that there

would be no advantage gained by attempting to control the symmetry of the final

separation. The APM-41 separation.mode should be fairly reliable and is felt to

be definitely superior to the guide-rail arrangement of the APM-67B and the
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dual-plane mode of the AT-41. The use of single-plane separation for the AT-41

would simplify the separation. It is felt that second-stage engine-ignition require-

ments may make use of auxiliary reaction control necessary.

4.8.4 Technical Risk

In general, it can be said that solution of control problems associated with the

advanced-technology vehicles does not entail a high degree of technical risk. The

problems appear to be susceptible to conventional methods of analysis and proven

control techniques. It is entirely possible, however, that the solutions might

result in requirements which, in turn, constitute a technical risk in the areas of

propulsion, flight control equipment, and structures. It is impossible to arrive

at a final evaluation of the technical risk at this time because there are many

trades between risk and optimization which have not yet been considered. For

example, the AT-41 vehicle with single-plane separation at the second-stage

nozzIe exit plane and reaction control to allow current preignition procedures is

well w_.current technology. However, ff vehicle optimization requires that

the interstage weight be jettisoned, the dual-plane separation mode introduces

an additional element of risk.

The flight control area that presents the greatest degree of technical risk is

Stage separation; The separationmode of the APM-41 vehicle is considered to

be less :rl_&_ than :th_sepa_tlon mode of either the AT-41 or the APM-67B

vehiois_: :If _sta_uptime f0r the AT-41 second-stage engine cannot be short-

ened_ _i::_:_di_ue, a _large reaction,control system would be required

4.9 THRUST VECTOR CONTROL

Each choice of a propulsion system for the advanced-technology concepts of the

1-mtllion-:pound-payload NOVA vchicle incorporates a preselected thrust-vector-

control (TVC} system as apart of the propulsion package. These selections are
as follows.-

Vehicle Stage Pr opul sion TVC

APM-6713 i. Booster

Sustainer

APM-41 Booster

Sustainer

AT-41 1

2

Six 260-incli solid

Seven modified M-1 liquid

Four 260-inch solid

One E-D liquid

Four 260-inch solid

One E-D liquid

Gimbaled nozzle

Gimbaled engine

Chamber-bleed injection

Throttling and/or fluid

injection

Chamber-bleed injection

Throttling and/or fluid

injection
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The maximum thrust-vector-control deflection for any single stage of the current-

technology vehicles was determined to be 4 degrees gimbal angle. A greater

equivalent gimbal angle will be required for the parallel-staged advanced-tech-

nology vehicles.

A complete preliminary design for the advanced TVC systems is not justifiable

or possible prior to further advances in the development of these TVC systems

or the associated engines. The discussion of these systems, therefore, is

limited to feasibility and development considerations.

4.9.2 Summary

The concept of providing thrust vector control by gimbaling is already state of

the art and is advocated in the preliminary design of the T65C current-technology

vehicle. For the advanced-concept thrust-vector-control systems, the direct-

chamber-bleed system for solid-propellant motors is desirable from the stand-

throttling of some chambers of a segmented liquid-propellant engine is recom-

mended only if other thrust-vector-control systems cannot be implemented.

development risk due to complexity is the highest of any of the advanced TVC

systems studied.

4.9.3 Feasibility and Development Considerations

4.9.3.1 Thrust Vector Control by Gimbaling

Of the thrust-vectoring concepts selected for the advanced-technology vehicles,

the gimbaling concept for large engines and solid-motor nozzles is by far nearer

an operational system than the other selections. The TVC requirements and

design for the propulsion systems selected for the APM-67B vehicle will be

similar to the current-technology baseline vehicle presented in 3.2.5.3 and

3.2.5.4 for the first and second stages, respectively.

4.9.3.2 Thrust Vector Control by Direct Chamber Bleed (Hot-Gas Injection I

The TVC principle of bleeding a portion of the propulsion chamber gases for

injection is desirable:because of system simplicity and the elimination of the

need for auxiliary pumping power. For the advanced-technology concepts, each

260-inch solid motor in the first stage of the AT-41 vehicle requires approxi-

mately 250-pounds-per-second bleed for pitch or yaw control for 4 degrees

equivalent gimbal angle. This amounts to 1.6 percent of the axial flow in each

control direction. Each motor on the APM-41 vehicle requires approximately

350 pOunds per second or 2.2 percent of the axial flow for 5.6 degrees equiva-

lent gim_ba! angle.
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The present feasibility limitations of the chamber-bleed concept are the hardware

requirements for transferring and providing flow modulation of the 5500°F erosive

bleed gases. Bleed injection has been demonstrated with Lockheed Propulsion

Company and Moog Servocontrols, Inc., hot-gas valves. The Lockheed valve is

a 90-degree type and the Moog valve is an axial flow type. These valves are

capable of handling bleed of a 17-percent aluminized solid propellant for times

approximately equal to the burn time of the advanced-technology-vehicle first

stage. The flows involved are 7 pounds per second for the Moog valve and 1

pound per second for the Lockheed valve. The ablative parts of the valves are

not reusable. After replacing the ablative parts, the Lockheed valve was reused

in a 53-second test, during which the valve remained in the full-open position for

7 continuous seconds. For advanced-technology application, further development

with increased bleed-flow rates is necessary to establish the degree of practi-

cality of using direct chamber bleed for large rocket-motor thrust vector control.

4.9.3.3 Thrust Vector Control by Segmented-Engine Chamber-Flow Modulation

The principle of providing TVC by modulation of the flow to sorr/e of the thrust

chambers (or segments) of a segmented engine is the least developed concept of

those selected for the advanced-technology vehicles. Based on General Electric

studies (References 1 and 2), Aerojet-General studies {Reference 3), and other
advanced engine studies, TVCby thrust-chamber flow modulation appears feasible

only with engines having a large number of chambers. In addition, throttling by

itself_is not adequate_cause the thrust of the chamber in opposition to the one

being!:_ttled mus_ _(implemented. This implementation not only assists in

provi_ a larger turning moment for the vehicle but is necessary to maintain

axia| _l:st as nearly constant as possible at all times. If axial thrust is to be

maintained_constant during vectoring, the throttling and implementation percen-

tage magnitudes must be equal. To implement this control principle, a minimum

of 20 chambers is advised, with a more practical number being 60 as used in the

General Electric studies. To modulate either 20 or 60 chambers for maximum

thrust Vector control will require half of the chambers to have a 15-percent flow

increase above nominal and the remaining half to have a 15-percent flow decrease.

The direction of attitude correction is determined by which half of the chambers

is increased and which is decreased. Control is available as true pitch or yaw

as well as any 6-degree increment between pitch and yaw if 60 chambers are used

or as 18-degree increments if 20 chambers are used.

The development of the chamber throttling principle for TVC will require exten-

sive testing to develop an analytical approach by which throttling requirements

can be determined for a given vehicle. Throttling limitations in practical engine

design and the actual throttling magnitude required are the most serious develop,
merit considerations for TVC.

IV-278



D2-22431-IV

4.9.3.4 Thrust Vector Control by Secondary Fluid Injection

Because so little is known of the practicality of TVC by segmented-chamber flow

modulation, secondary fluid injection is indicated as an alternate or supplemen-

tary TVC system for large segmented engines. As an alternate to the segmented-

chamber flow-modulation concept of TVC for a second-stage application, the

secondary injection system may impose a severe weight penalty on the vehicle.

The effect of this penalty can be somewhat reduced by using one of the propulsion

liquid propellants as the secondary injectant, thus reducing the weight required

for separate tankage. The feasibility of providing from 4 to 6 degrees equivalent

gimbal angle by secondary injection is not questioned. Development of large-size

injectors with adequate dynamic response has not been evaluated because the need

for such items has not been presented.

The use of secondary fluid injection as a supplement to segmented-chamber flow

modulation will reduce the percentage modulation requirements. In addition, use

be imposed if injection were the only TVC system. The penalty of combining

these systems is to introduce further complexity to systems that by themselves

have complex control apparatus. The use of the combined chamber modulation-

fluid injection system will not only involve development and analysis of TVC by

chamber modulation but will also require analysis of the interaction of throttling

and secondary shock effects in the nozzle. It is likely that extensive development

time and effort would be required to evaluate and perfect such a thrust-vector-

control system.

4, 10 RELIABILITY

4, 10.1 Introduction

The three advanced-technology solid NOVA configurations, shown in Section 4. 3,

Figures 4.3-3, 4.3-4, and 4.3-6, were analyzed and the flight reliability was

assessed. The flight reliability was then used as a basis for determining. (1) the

number of R&D flights required to achieve the flight test objectives; (2) the num-

ber of flights required to achieve an initial operational reliability of 0.75; and

(3) the nurnber ofsuocessful flights in an operational program consisting of 79

launches. The reliability assessments were based on operation of the vehicle

stages from launcii to injection into a 567-kilometer orbit. Emphasis was given

to evaluating the effect of advanced technology on the potential reliability of the

configurations,

4. 10,2 Summary

The flight reliability of the advanced configurations was assessed on the basis of

historical flight data and design inform_ation while considering the time available

to develop new systems. The advanced vehicles were predicted to achieve higher

reliabilities than those achieved with current missile and space launch vehicles.
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This higher reliability is primarily the result of advancements in technology,

additional launch experience, and the emphasis on system reliability from the

initiation of the program.

The APM-41 vehicle has the highest reliability potential of the three advanced-

technology configurations with the AT-41 rated second and the APM-67B rated

third. The reliability advantage that the APM-41 vehicle has over the AT-41

vehicle is attributed to the advantage of hold-down of the liquid stage. The APM-

67B has the advantage of hold-down, but has the disadvantage of an increased

number of propulsion units in both the solid and liquid stages, thereby resulting
in a lower reliability potential.

Major differences in the assessed reliability of the vehicle systems resulted

from the differences in the quantity of propulsion units and the concept of staging.

The propulsion system Will continue to be the major source of flight failures.

The flight control system will continue to be second only to propulsion as a source

-_ ...... --'" .... bly ...............w _xr_xL _Lu_e, but with considera xmpx-oveu x'euauxl_y"" " over the uurrent-

technology systems.

4.10.3 Configuration Evaluation

The reliability of the advanced-technology configuration can be expected to be

higher than that for Qurrent ballistic missiles and space launch vehicles. This

is a _al consequence of three factors: (1) additional time to continue the

develol_mentof sy_S that are essentially common to all configurations; (2)

additional launch operational experience; and (3) additional advancements in

technology. Therefore, the level of reliability that can be attained will be some-

what higher for the advanced-technology vehicles than for the current-technology

vehicles if the additional time is properly utilized.

Reliability achievable in vehicle operation is dependent on the design, manufacture,

and testprograms, and operation of the vehicle systems. The operational relia-

bility is defined as the probability that the vehicle will operate properly under

actual mission conditions. Once the design is established, the test program,

with design improvement feedback from test results, is necessary. Finally,

reliabili_y_of the launch vehicle will depend on quality control of the systems

during_manufacture and launch operations. Operational reliability tends to

appro_hii_e _herent _design reliability as experience is gained in the manufac-

tureand oi_rations areas. For the purpose of this study, operational reliability
growth iscoi_sideru_l a function of the number of launches for each vehicle

configuration.

4.10,3.1 Background Data

Evaluation of the advanced-technology configurations is, in part, based on his-

torical flight-failure data of missile and space systems currently in service and
development, as discussed in Section 3.5.3. The historical data were used as a
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basis for determining the distribution of flight failures by subsystem and for

determining the areas that offer the greatest reliability potential.

4.10.3.2 Advanced-Design Reliability

Many of the problems inherent in ad_ancing the state of the art for current-

technology configurations will be solved before the advanced configurations are

dealt with. It is important to note, however, that systems that pace the develop-

ment schedule will have the most influence on the level of reliability that can be

achieved.

The reliability of the solid motors is predicted to have an initial value of 0.975,

increasingto 0.988 in the developed system. The modified M-1 liquid engine

used in tl_isecond stage of the APM-67B vehicle is predicted to have an initial

reliahll_ _}.988. :_ The high-pressure expansion-deflection engine used in the

second sta_of:the :AT-41 and APM-41 vehicles requires a completely new devel-

opment. Th_eforew an :m_tiai vaiue of 0.90 is predicted, with growth to 0.95 for

the developed System:

Thrust-Vecter-control systems will remain a problem for the advanced configu-

ration, Thedtreet-_,_ber-bleed system proposed for the solid motors offers

potent[alreIiability Improvement over current systems. Reliabilities exceeding

those. 9f:;_ii_mrren_ti_logy NOVA vehicles are predicted for the advanced
vehicle_, /:_ ........

limited to tandem-staged vehicles. In the past, 0.5
to 1,4 booster launches have experienced separation failures. It

is asS_m_for ,_this :_y, that separation for the tandem-staged vehicles will be

sirailar t0:past eXl_rience. Separation for the parallel-staged vehicles is pre-

dicted to be more difficult because of: (1) more points of separation required;

(2) prorAmity of thestages daring separation; and (3) duration Of separation prox-

imity. _.Th_prarAmity of the solid motors represents a hazard to the liquid stage

that Separation system reliability is lower for the

Hi_ reliability has been shown to be 0.986 for liquid-

vehicle structural elements can be made highly

design. In space launch vehicles, higher safety factors

will increased Vehicle weight. Weight limitations still

of risk must be taken to keep structural weight down so

of structural_failure.

must be developed to provide the high flow rates required.

must be designed to reduce the hazards of mal-

function, ; _stems can b_ designed and developed to an operational level.

ReliabiIity @Ill depend on such operational factors as contamination, temperature

changes, flow rates, and basic design.
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Secondary power requirements are high and new auxiliary power units (APU) are

required. A reliability of 0.995 is predicted for the stage APU. The guidance,

flight control, and electronic subsystems will obviously be developed beyond

their present incidence of failure mnow about 0.005 for the short flights of mis-

sile and space launch vehicles. Since the boost time to low orbit for the NOVA

vehicles will be similar to current launch vehicles, the reliability is predicted

to be 0.998. If duplication of functions, radio checks, and crew override are

planned, the reliability can be improved to the point where these systems will
not be a problem.

4.10.4 Reliability Assessments

Flight reliability_ was assessed for each advanced-technology configuration from

launch to injection into a 567-kilometer orbit. The reliability assessments are

tabulated by subsystem in Table 4,10-1. Twoassessments are shown: the

initial (first flight) and the developed (twentieth flight), Thereliabflities include

.... _ ..... _ _--_ impr ..... u_uunuLu_. _ne reim-m_ _,,_ut_ w uvo-_u ovements _u_uadvaacevaents in ...................

bility of the totalsystem is approximated by the product of subsystem reliabilities.

4.10.5 Flig_ht Reliability. Growth

Reliability growth is:a;_result Of design improvements and of familiarization with

the vehicles:_and their _pment. Recognized reliability growth on current launch-

vehic_:i__.i_'_ rapid, as discussed in Section 3.5.3. Improvements
of i00:_C_::_ '_er early program reliabilities have been observed. Pre-

diouo for the NOVAvehiclesare g er ly less rapid.
pri_iIy:b_a_se:int_ reliability is higher. Figures 4.10-1, 4; t0-2, and

4.10--3 show the:_rowth predigtions for the three vehicles. The APM-41 vehicle

achieves a slightly higher reliability than the AT-41 because of the advantage of
hold-down for the liquid stage. The APM-67B vehicle is less reliable than the

other vehicles because of the increased complexity of the system.
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Figure4.10-1 SOLID NOVA RELIABILITY GROWTH

Rgure4.10-2 SOLIDNOVARELIABILITYGROWTH
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100

8O

60

The expeetednumber 0f flights to be attempted to achieve the flight test objectives

was determined using the cumulative reliability growth curves for each of the

vehicle systems. Table 4, 10-2 shows the total number of launches required to

achieve these objectives. The baseline T65 vehicle is shown for comparison.

FLIGHT.TEST LAUNCHES

confi . ratlo 
Successful Flights to

Meet Test Objectives

Expected Number of

Attempted Launches

7 12

7 10

APM'_ 9 13

APMV67B 9 14

Table 4.10-2
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4.10.7 Initial Operational Reliability

Study ground rules require an initial operational reliability for each vehicle of at

least 0.75. The point reliability growth curve was used to determine the expected

number of flights prior to an initial flight reliability of 0.75. These values are

shown in Table 4.10-3. The baseline T65 vehicle is shown for comparison.

EXPECTED NUMBER OF FLIGHTS PRIOR TO AN

INITIAL OPERATIONAL RELIABILITY OF 0.75

Configuration Attempted Launches

T65 13

AT -41 7

APM-41 6

APM-67B 15

Table 4.10-3

4.10.8 Operational Launch Successes

The vehicles were evaluated on the basis of the number of successful launches

expeC_ from a 79_1_ch program. The number of expected successes was

determined using the cumulative reliability growth curves for each configuration.
These values are shown in Table 4.10-4. The baseline T65D vehicle is shown

for comparison.

EXPECTED NUMBER OF FLIGHT SUCCESSES

IN 79-LAUNCH OPERATIONAL PROGRAM

Configuration Flights

T65 68

AT-41" 69

APM-41 70

APM-67B 67

Table 4.10-4
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4. II MANUFACTURING EVALUATION

The advanced-technology configurations (AT-41, APM-41, and APM-67B) were

evaluated and compared with the baseline configuration (T65C). (See Table 4.11-1.)

4.11.1 Evaluation Criteria

The following criteria were used to determine which vehicle configuration was
most producible:

Minimum manufacturing manhours;

Earliest availability;

Least technical and developmental risk.

4.11.2 Manufacturing Plan

The general manufacturing plan, covered in Sections 3.1.7, 3.2.8, and 3.4, is

applicable for manufacture of the advanced-technology configurations. No change

in technology, such as larger sheet size, was considered in this study. The

general plan to use the largest sheet size commercially available was used so
that flow time or technical risk was not increased. Maximum sheet size was

basedon i2-foot widthand 10,000--pound billet. The major variables were length,

number of engines, type and size of engines, weight, and method of staging.

Each vehicle ls bi'iefly discussed below.

4.11.2.1 AT-41

Stage I--Quantity of four medium-length solid-booster motors of medium weight

having least-complex clustering structure.

Stage H mShort length; moderate weight with one large liquid engine; tandem

staging; long development time for engine.

4.11.2.2 APM_41

Booster Stage---Quantity of four short-length, lightweight, solid-booster motors

with more complicated lateral staging.

Sustainer Stage -_-Moderate length; light weight with one large liquid engine;

morecomplicatedlateral staging and long-lead-time engine.

4.11.2.3 APM-67B

Booster Stage _Quantity of six medium-length, medium-weight, solid-booster

motors with most-complicated parallel staging.
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CON FIGURATION

NUMBER

T65C

AT-41

APM-41

APM-67B

MANUFACTURING EVALUATION

FIRST STAGE (BOOSTER} SECOND STAGE (SUSTAINER) COMBINED FIRST AND SECOND STAGE

Length

Case Flow Time Facil. Less Flow Time Facil. No. 1 Flow Mfg.

Length Weight No. to First & Engines No. to First & Wt. Time Cost Remarks

(feet) (pounds) Eng. Launch Equip. Rank (feet) Weight Eng. Launch Equip. Rank Rank Rank Rank

5 July 69 $ 60M 1.93 2.99 1
156 2,757,000 6 May 69 $ 15M 1.06 157 735,150 M-1

$ 20M $ 15M

125 1,332,000 4 Nov. 74 $ 15M 0.61 169 695.S00 L l- April 75 $ 60M 1.93 2.54 3

$ 20M 9.35H $ 15M

$ 15M L 1 $60M
85 817,000 4 April 75 $ 20M 0.35 181 619,540 ~ April 75 $ 15M 2.25 2.60 4

9.5H

$ 15M _ $ 60M

103 1,295,000 6 Dec. 69 $ 20M 0.51 205 784,930 ,,, i Dec. 69 2.44 2.95 2
(mod) $ 15M

4 Test stand is pacing item

1 Singlc large liquid engine

is pacing item

2 Single large liquid engine
is pacing item

3 Test stand is pacing item

Table 4. li-1
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Sustainer Stage --Greatest length; heaviest weight with six medium-sized liquid

engines using most,complicated parallel staging.

4.11.2.4 T65C

Stage I--Quantity of six longest and most-heavy solid-booster motors with

simple tandem staging.

Stage H B Moderate length and weight with seven moderate-sized liquid engines

using least-complicated tandem staging.

The order of rank by flow time from best to worst is: T65C, APM-67B, AT-41,
APM-41.

The order Of rank by manufacturing cost is: AT-41, APM-41, APM-67B, T65C.

4.12. MANUFACTURING FACILITIES

The following is a general analysis of the manufacturing facilities required for

the advanced-technology concepts. Generally, the advanced concepts do not

present different facility problems than the baseline configuration (T65C), but

only encounter different magnitudes of the same problems. One exception to

this is the use of a large high-pressure engine on two of the configurations. This

extremely large Rein will require facilities that are not presently available and

were :not required for the baseline configurations.

e ' "

• , , , i. i i ,

The rednced-n :umber: of first-stage cases and the shorter length of this stage with

respect to the T65C will redace the facility requirements for the motor case,

nozzle, ,and_pe_ pla_ts. The solid-propellant material-preparation and

mixing_r__nts are approximately one-half of those required for the base-

line.___,._-!_t,in_ finishing, and storage facilities would also be

redn__ _:_I_:_d Size.

The _ length of the solid motors would decrease the

rec substage assembly facility. Storage positions

would: the buildings for substage assembly could be re-

site-support facilities would be similarly reduced.

for second-stage hardware would be approximately the

same aa_ _iT65C since the tank diameter remains unchanged and

the levi significantly. However, completely new second-stage

engine facilities Wou_, :be required to accommodate the extremely large single

engine_ , i This w__lude completely new static-firing facilities for the engine.

" "- -i.:
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4.12.2 APM-67B

The booster motors for this configuration are slightly reduced in length and total

amount of propellant required compared•to the T65C. This would create slight

reductions in requirements at the motor-case facility and the motor manufacturing

plant. No reduction would be experienced at the nozzle manufacturing facility. A

slight reduction in requirements Could be obtained at the solfd'motor substage

assembly facility from the reduced quantity and distance requirements, and
decreased length of the solid motors.

The increased length of the sustainer stage over the T65C wouldrequire minor

increases in building height for the stage manufacturing plant in those areas

where vertical assembly, cleaning, and testing would be accomplished. No change

would be required for the engine manufacturing and test facilities for the sustainer-

stagelengine. -_ _ .....

JLU.UA _ _ _

for assembly but should Stillbe withinthe capability of existing facilitiessince it

could be manufactured and shipped in sections.

4.12.3 APM-41

ThisconfigltratiOn would.ha_ _equirements for booster motor manufacturing

simi1_'to_AT_ vehicle S_Ince!thenumber and length of the solid motors are

also _iz: H_e_ the:first-stagemotor case, nozzle, and propellant

plantS'r_VOtt_d_ prOl)0rti_tely _reduced requfrements.

The sustaiher-Stage requirements are also approximately equivalent to those for

the AT-41 secbnd stage. The stage tankage and structure would have similar

requirements to those for the baseline configuration, and the engine facility
requirements would be entirely new because of the large single engine.

Clustering structure for :this vehicle would consist of small individual links

attan,_'d_it°-- i_ ba_. ie :,_ehiOie structure, Existing facilities would have the capa-
bility Orating these items.

.L "
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4.13 GROUND SUPPORT CONSIDERATIONS

4.13.1 Introduction

Preliminary launch support and assembly concepts were developed for the

three adVanced-technology vehicle configurations. The configurations were

then qualitatively evaluated on the basis of these concepts to determine their

relative merit from a ground support standpoint. The baseline current-

technology vehicle was similarly evaluated for comparison with the advanced-

technology vehicles. The items considered in the evaluation and the evaluation

results form the combined effort of Martin-Denver and Boeing.

4.13.2 Summary

Of the four vehicle configurations evaluated, AT-41 is the most desirable and

APM-41 is second by a small but significant margin, with both substantially

more desirable from ground support considerations than T65C and APM-67B.

The features favoring AT-41 include the major items of simpler vehicle-launch

support interface, lighter and simpler support structure, better exhaust con-

trol, and lighter and simpler flame deflector. The advantage of AT-41 for
these items is substantial.

Features favoring APM '41 include the major item of least indicated overall

costandt_ minor items of:least total liftoff thrust, smallest solid motors,

smaltes:tc_elrall:lattnt4_h :]_tlding height, and least explosive equivalent. The

advantage of APM_4i _'£1u-Uust level, explosive equivalent, and launch
buildi_g:he_g_itiisve_:t_mal!, but the advantage in motor size is significant.

As the advanced-technology vehicles and their ground support requirements

become more clearly defined, trade studies should be made to verify or

mocRfy the conclusions stated herein.

4.13.3 Launch Support Interface and Vehicle Assembly Concepts

Vehicle AT-_il Wfl!.be erected, aligned, and supported in the same manner as

the previous four-motor 500K-payload study vehicle (see Reference 4). The

vehlcle-latumh support interface willconsist of a system of 12 jacks, three

undereach motor. The jacks and support platform beams will be increased in

size to handle the larger loads. The launch platform and flame deflector will

be similar to the design in the previous study, including the center column.

Vehicle APM-67B will be supported by a system of 18 jacks carried by six

individual piers asshown in Figure 4. I3-1, with each motor supported by

three jacks. It is assumed that the main vehicle structural ties are shear

blocks between each motor and the liquid sustainer stage so that the jacks

may also support the sustainer stage through the solid-motor base-skirt

extension. Using this support concept, the solid motors will be erected first
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GROUND SUPPORT PIER

SUPPORT BEAM

SOLID MOTOR

5USTAI N F..R
STAGE

MOTOR

SUPPORT

JACK.S

M-I MOTORS

(MObIFtEb)

_E OF" FLAME

DEFLECTOR.--

(TYP 6 PLACES)

OPTIONAL

POINT5

Figure 4.13-1 SUPPORTSTRUCTURECONCEPT
Configuration APM-67B
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and aligned. The sustainer stage will then be lowered between the motors,
engaging the guide rails, until it rests on the solid-motor shear blocks.

The jacks will be carried by brackets on the piers and by beam structures

spanning between the piers. Six piers will be used to minimize beam spans

and deflections and to ensure adequate lateral rotational stiffness of the support
structure as a whole.

Six separate and independent flame deflectors will be used, one for each solid

motor, with the deflector profiles continuous to the centerline of the vehicle to

deflect the liquid engine exhaust. The deflector sidewalls will also project

inward until adjacent walls meet to furnish maximum protection to the support

piers. Such a deflector results in a much higher launch structure and a

greater refurbishment problem. Each deflector will be removable from its

position between two adjacentpiers for refurbishment and to allow access for

motor handling equipment.

As an alternate solution, the center sustainer stage can be supported directly by

six adjustable jacks or wedges mounted on the support piers. This concept

will allow the sustainer stage to be installed on the platform prior to erection of
the solid motors.

Vehicle APM-41 will be erected, aligned, and supported on a system of 12

adjustable jacks supported by two parallel sidewalls as shown in Figure 4.13.2.

Each solid motor will be supported by three jacks. The liquid sustainer engine

will be supported by the solid motors through their attaching structure. In

using this support concept, it will be necessary to erect and align the solid

motors first. The sustainer stage will then be lowered between the solid motors

until it rests on the solid-motor attaching structure. The jacks will be carried

by brackets on the sidewalls and by beam structures spanning between the walls.

A two-way flame deflector with its crest at the centerline of the vehicle will be

used. The deflectorwfll be designed to separate along the crest so that it can

be removed from under the platform in two parts. The crest of the deflector

wilI be designed _asan expendable ablative shield to protect the primary de-

flector str_cture and to minimize refurbishment. The deflector sidewalls

will project upward sufficiently high to minimize exhaust impingement damage

to the Sidewalls. Such a deflector results in a relatively high launch platform

and magnifies the refurbishment problem.

4.13.4 Ground Support Evaluation

The three advanced-technology configurations (AT-41, APM-67B, and APM-41)

and the baseline current-technology configuration (T65C) were qualitatively

evaluated with respect to the followingitems affecting ground support require-

ments of the vehicles.
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4.13.4.1 Vehicle-Launch Support Interface

Twelve support jacks are used for T65C, AT-41, and APM-41, but the inter-

face with the tandem vehicles is simpler because of the compact motor cluster

and the absence of a center engine. More jacks are required for APM-67B,

and T65C is considerably heavier. Therefore, AT-41 is rated best in this

category.

4.13.4.2 Launch Support Structure Size and Complexity

The compactness of the motor cluster and the absence of a center motor on

AT-41 and T65C results in a simpler and smaller support structure. The

grossly greater weight of T65C will offset any advantage due to its compactness

and AT-41 is rated best by a wide margin.

4.13.4.3 Size and Complexity of Flame Deflectors and Effects of Exhaust
Irnvin_e ment

The compactness of the motor cluster on the tandem vehicles results in a

smaller flame deflector. The absence of a center engine eliminates exhaust

impingement on the crest of the deflector, thereby simplifying the deflector

and reducing refurbishment required. Furthermore, the four-motor arrange-

merit requires the least flame-deflector height. Because of a lower liftoff

thrust thanT65C, AT-41 is rated best and has a great advantage over APM-41.

4.13.,4_ 4 . Launch Building Height

The overall length of the parallel-staged vehicles is considerably less than that

of the tandem-staged vehicles, thereby resulting in a lower launch building.

This is partially offset by the requirement for higher flame deflectors for the

parallel-staged Vehicles. Further offsetting the height advantage of the parallel-

staged vehicles, is their much greater overall diameter resulting in much

greater beam and crane spans. Vehicle APM-41, although requiring greater

building spans_ results inthe lowest launch building and therefore is rated the

. . _;ebest, but ontyby a Try small margin over AT-41.

4.13.4.5 ' Co_ _f Vehicle Assembly Operations

The differences in the complexity of assembly of the vehicles at the launch site
are so small that no choice can be made.

4.13.4.6 Complexity of Solid-Motor Handling and Transportation

Weight and size of the individual motors determine the complexity of handling
and transporting the solid motors. Vehicle APM-41 has the smallest solid
motors and is therefore rated best.
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4.13.4.7 Acoustic Effects

The acoustic power level is basically determined by the total liftoff thrust of

the vehicle. Since APM-41 has slightly less thrust than AT-41 it is rated best

by a slight margin.

4.13.4.8 Explosive Equivalent of Propellant Load

The explosive equivalent of the vehicle propellant is determined by the total

propellant load. Vehicle APM-41 has a slightly smaller propellant load than

AT-41 and therefore is rated best by a small margin.

4.13.4.9 Potential for Using a Mobile Assembly and Launch Concept

Both AT-41 and APM-41 are within the weight capability of mobile transporter-

launchers. Since the weight difference between the two is small and mobile

assembly and launch of solid-motor-boosted vehicles have been ruled out of

the present study, no choice is made.

4.13.4.10 Potential for Using Base or "Liftoff" Umbilical Connections

A potential exists for use Of iiftoff-type umbilical connections located at the

base of the parallel-staged vehicles. Upper-stage umbilicals would, however,

still be required to service the spacecraft so that any net advantage is insig-
nifiCaat and no basis fura choice exists.

4.13_4_ 11 :_Access to Critical Components for Servicing

Servicing of the parallel-staged vehicles may be slightly simplified because of

slightly easier access to critical vehicle compartments. The advantage of this

is insignificant, because convenient access to all vehicle levels must be

provided in anycase. In addition, the concentration of work at one level could

possibly cause congestion in the area, which would actually delay the servicing
work: _,The use Of a single sustainer engine should decrease the amount of time

reqtlii'ed tO service _e engine as compared to performing the same type of

function on a number of engines. However, major problems in the single-

nozz_ l_rge_r_t engine would develop in servicing, maintenance, and starting

req_rementa. Testing and alignment of the flight control system could present

major pl_blems, iris apparent that no logical basis for a choice exists in this

cate_r_.

4.13, 4; 12 System Cost
t,, J " , . j, ,_ ,

Considei*ing, a!l aspects of the ground support system, including support struc-

ture, launch bullding, flame deflector, refurbishment of launch area structures,

real estate requirements, transportation and handling, assembly and checkout,

and many other items, total system costs tend to favor vehicle APM-41.
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4.13.5 ,Conclusions

Upon consideration of all items above, taking into account the degree of advan-

tage offered by one vehicle over another for •each item and considering the

significance of each item •itself, vehicle AT-41 is selected as the most favorable

configuration. Vehicle APM-41 is rated second by a small but significant

margin. Vehicles T65C and APM-67B•are approximately equal to each other

both being substantially less desirable than the others.

4. 14 DEVELOPMENT, TEST REQUIREMENTS

4.14.1 General

This section summarizes the development test requirements for NOVA advanced-

technology vehicle configurations APM-67B, APM-41, and AT-41. These test

requirements cover the four major tasks in the systems testing program for each
vehicle.

• Stage-developmentstatic firings

• Flight-test stage-acceptance static firings

• Flight-test vehicle assembly and test

e :-Might tests

This dlsctt_81_n_s not Include testrequirements for the development activities

porto,oftheprogram.

The'_ste_as! t_r _'equirements are discussed in, broad terms only, to identify

majgta$peots!of,the development requirements and to provide bases for com-
parison between the three advanced-technology configurations and the T65C

cur_,[_eh._)logyc0nfigu_ i.ation. Summary schedules indicating milestones

and _:ra|ipi'o_ni_sih_are-- _ presented in Section 4.15.

testing will fulfill four basic test requirements:

rocket engine and accessories with the stageQ.

propulsion system equipment

• _]_. _t_U_f-_orm_mce and function of the integrated propulsion

• EW_Ltatton of-_rmance and function of the complete flight stage,

i_o|udlng__I. _rborne systems

. l_tiabili_.', idi_ti'_tions and evaluation of design refinements

The_veiopme_tl B_ttb firings of the liquid stage must be phased into the

overall develop_prc_gram so that a sufficient number of static firings
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may be accomplished to establish confidence in propulsion system integrity

and in general stage flightworthinessprior to acceptance captive firing of the

firstflightstage and the frst flighttest, respectively.

4.14.3 Flight-Test Stage-Acceptance Static Firings

The stage-acceptance static-firing tests will be conducted to verify the func-

tional integrity of the prOpulsion system and other airborne systems during

countdown and simulated launch and flight. These tests will complement other

nonfiring stage-acceptance tests conducted before and after the static tests.

4.14.4 Flight-Test Vehicle Assembly and Test

These operations will consist of systematic assembly and checkout of the

flight-test vehRtle, culminating in simulated countdown and launch to verify

launch readiness of the integrated vehicle.

4.14, 5 Flight Tests

Flight tests will be conducted to evaluate the performance of the complete

flight vehicle in its intended mission.

4.14_6 Summary of Test.Requirements

In _ral, the de_lopl_nt test requirements for the APM-67B, APM-41, and

AT-_4J[' are very 8im!lar tothose for the T65C. The major difference in the

proem _vlll lle'_ the relative phasing of the various tasks.

The transtage test requirements will be the same for all stages and relative

phasingof the development tasks will be approximately the same.

The large liquid stages for the _advanced-technology configurations are similar

in size to the T65C second stage, and the same general test requirements for

stage _de,ze_ _q_ent static firings and acceptance static firings will apply. The
relative__ Wil| vary, however, since the AT-41 liquid stage is a second

stage andAPM_67B_and APM-41 liquid stages are '_rst" stages. Also, it is

e st_ma_dl _tt_t/ie APM-41 and AT-41 stages employing the expansion-deflection

engiae wi!l req_re agreater interval between start of development static test

and s _tart of acceptance static test than will the APM-67B stage employing mod-

ifiedi M-I engines,

The preiaunch assembly-and-test requirements for the various vehicles will

pose, slightly different facility and equipment requirements; however, the

processing time should be approximately the same for all vehicles.

The flight-te_t req_rements for the vehicles are generally the same; however,

it iS est!nmted that the paraUel-staged APM-67B and APM,41 vehicles will
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require more flights than the tandem-staged AT-41 and T65C to fully evaluate

the combined solid-liquid boost phase and the staging sequence.

4.15 DEVELOPMENT PROGRAM

4.15.1 Introduction

The comparison schedule for advanced-technology NOVA vehicles is based on

the following assumptions:

• Contract go-ahead is assumed to be July 1, 1964.

• Sustainer or second stage R&D engine delivery is January 1971, and PFRT

engine delivery is January 1972. PFRT development time wilt be inter-

polated from NASA Memo M-P&VE-PA-29-63 dated January 15, 1963.

• R&D modified M-1 engine delivery is January 1, 1967, and PFRT delivery
is July 1, 1967.

• Solid booster development for the APM-67B, APM-41, and AT-41 requires
the Same development time as for the T65C.

• Propulsion, dynamic, and structural vehicle-development testing will be

performed at the Mississippi Test Facility.

• Flight tests will be accomplished at the AMR complex, utilizing new launch

buildings and facilities.

• Water transportation will be utilized for transportation of the stages to the
Mississippi Test Facility and AMR.

• After acceptance captive firing is complete, the liquid sustainer (APM-41

of APM,67B) or second stage (AT-41) will be transported back to the

manufacturing site for refurbishing before shipment to AMR.

• APM-67B will require a total of 14 launches, of which nine must be success-

ful. ALl 14 launches will require live solid-booster and liquid-sustainer

APM_lWill:'ireq_re 13 launches, of which nine must be successful. All

13 Iaunehes will require live solid-booster and liquid-sustainer stages.

AT-4i:_u require 10 launches, of which seven mustbe successful. The

first launch will utilize dummy second and upper stages. The second

launch will require a live second stage.

4.15.2 Com[_aris0n Schedule

The APM-67B; A PM-41, and AT-41 programs are deveIoped on a summary

schedule basis for the purpose of comparison (see Figure 4.15-1). The solid

booster stage development and schedule for the advanced-technology NOVA

configurations are the same as for the first-stage solid booster of the T65C.
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Figure 4.15-1 ADVANCED-TECHNOLOGY NOVA COMPARISON SCHEDULE

Configurations APM-OTB, APM-41, and AT-41
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The major milestones for comparison of the three configurations are:

• Initial operational capability

• Test-stand availability

• Liquid-engine availability

The latter two major milestones are discussed in the appropriate configuration

schedule analysis.

APM-67B has the earliest initial operational capability of the advanced-technology

NOVA configurations -- nine years after development go-ahead in July 1964 or

mid-1973 initial operational effectivity. APM-41 initial operational capability

occurs the latest of the three configurations -- early 1977, or 12.5 years after

start of engine development in July 1964. Initial operational capability for the

AT-41 occurs in early 1976 _ 11, 5 years after start of engine development.

4.15.2.1 APM-67B Schedule Analysis

The APM-67B NOVA liquid-sustainer-stage development and schedule are

compatible with the current-technology T65C NOVA liquid second stage. The

associated schedule problem of the APM-67B is the 38-month development time

for the liquid-stage propulsion test stand. The test-stand critical development
time restricts the earliest scheduling of propulsion system development testing

by 6 months (i. e., the propulsion test vehicle can be completed at the time that

the R&D engines are available, thereby allowing the ,'Propulsion Test Stand
Checkout" and "Start Propellant Flow Test" milestones to commence in

February 1967.

Present planning requires a minimum of 9 months of liquid-propulsion-develop-

mental-system static firing to fulfill the basic test requirements (see Sections

3.6.3, 3.3.5, and 4.14.2}. In essence, developmental static firing is phased

into the program to accomplish a sufficient number of static firings necessary

to establish confidence in propulsion system integrity and in the general stage

flightworthtness prior to acceptance captive firing of the first flight stage.

For further detail analysis and schedule understanding, the "Start Static

Firing" milestone is scheduled 8 months before the first flight sustainer stage

(APM-41) Or second stage (AT-41) ,'Manufacturing Completion" milestone.

Accomplishment:0f the "Manufacturing Completion" milestone includes factory

acceptance testing. After the ,,Manufacturing Completion" milestone, shipping

the stage to the Mississippi Test Facility and installation of the stage on the test

stand require an:additional month, atwhich time propulsion-system development

testing will have b_en through a total of 9 months of static firing before the start

of acceptance captive firing of the first-flight liquid stage.

Finally, it should be noted that either the R&D or the PFRT modified M-1

engines could be employed on the initial propulsion test vehicle. For R&D
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engines (available January 1967), installation and checkout are accomplished

prior to the propulsion test vehicle "Manufacturing Completion" milestone.

For PFRT engines (available July 1967), installation of the engines can be

accomplished after manufacturing completion including factory acceptance

test. By this method, an adequate time of 6 weeks (exclusive of shipping

time) exists for PFRT engine installation and checkout between the "Propusion

Vehicle Manufacturing Complete" and "Propulsion Test Stand Checkout" and

"Start Propellant Flow Test" milestones.

Furthermore, during the development of the test-stand facilities, effective

program control management may establish an earlier availability of the test

stand, thereby resulting in optimum scheduling and utilization.

4.15.2.2 APM-41 and AT-41 Schedule Analysis

The APM-4I and AT-4I require the same development time for vehicles,

.'Jo_,_r.Jaf,'-rl far.J14fJ_c_, lJ_ntrl-n_r,nr_ll_nf_c_farv_ la,,nr.hJno- _mnln_rmonf, nnrl_ _v_v_ "'_L _ _'_VL_'V_'_ _b' '_ _L_VJ _, _

engine development. The configurations both employ the Rocketdyne hydrogen-

fueled expansion-defiection engine; therefore, for each program, the first

d_l_,,..,.,, of the R&D engine is January 1971 (6.5 years after engine development)

and first delivery of the PFRT engine is January 1972 (7.5 years after engine

development). Engine development go-ahead occurs in July 1964.

To obtain the earliest propulsion system development test, R&D engines are

installed: _:th e propulsion test vehicle. The liquid sustainer stage (APM-41)

and second stage:(AT_41) "Manufacturing Competion" milestones occur 9

months after the '_Start Static Firing" milestone. This phasing sequence

enables a minimum of 9 months scheduled static firing (see APM-67B schedule

analysis for basic test requirements reference) before starting the acceptance

captive firing. With the propulsion system development test schedule require-

ment, earlier manufacturing completion of the liquid sustainer stage (APM-41)

or liquid second stage (AT-41)is not feasible.

It should be noted that AT-41 first launch is 4 months earlier than the APM-41.

The earlier AT-41 launch is a result of:

• The ,tandem configuration

• First--tlight dummy second and upper stages

• Timely availability of the solid-booster first stage

The AT-41 second launch, with live second stage occurs at the same time as

the APM-4! first launch. This being the case, the liquid stages for both

programs are compatible.

IV-306



D2-22431-1V

4.16 CONFIGURATION EVALUATION

4.16.1 Introduction

The vehicle systems described in Section 4.3 for advanced-technology vehicle

configurations AT-41, APM-67B, and APM-41 are evaluated in this section.

Criteria for evaluation are performance, producibility, development risk,

growth potential, reliability, operational availability, development cost, and

cost effectiveness. The method of analysis is described in Section 3.1.15.

The advanced vehicles are compared with the T65D configuration. The purpose

of the advanced-technology vehicle studies is to indicate advantages that may

accrue from a longer developmental time period.

4.16.2 Summary

The three advanced-technology configurations were analyzed and compared on the

the T65 baseline current-technology configuration to show the areas that may im-

prove with advancements in technology possible from the later schedules.

The APM-41 configuration, which was selected as the most desirable vehicle,

offers advantages in performance, growth potential, development cost, and cost

effectiveness when compared with the T65D.

4.16.3 Criteria

The weighting of the individual criteria for the advanced configurations will

differ from that used in evaluation of the preliminary configurations (Section

3.1.15) because of the program objectives. The advanced vehicles will not be

available until 1 to 5 years later than the T65D. Therefore, the advanced

configurations cannot meet a 1975 Mars window.

Major emphasis in consideration of advanced configurations is placed on

advantages which may warrant program delay or result from deferment of a

decision to start program implementation. However, the accuracy with which

values for development, time, and cost can be estimated decreases with

increase in length of time being considered.

The Pacing item inthe AT-41 and APM-41 advanced configurations is the

engine development program. Deferring a decision for the vehicle program

impIementation until a later time will not delay the possible operational date.
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4.16.4 Evaluation Criteria

The comparative rating for each vehicle configuration is accomplished by using

eight systems-evaluation criteria. The considerations used to assign the

quantitative and qualitative values are discussed in 3.1.15.3 for each evalua-

tion criterion. The cost effectiveness and performance criteria differ slightly
from those in 3.1.15.3. The cost effectiveness criterion is evaluated on the

basis of a 79-launch operational program instead of the 140 launches used in

the current-technology evaluation. The performance and cost effectiveness

criteria are evaluated using the effective payload to a 225-kilometer orbital
altitude instead of a 567-kilometer altitude.

4.16.5 System Evaluation and Selection

A matrix of the system evaluation criteria and the vehicle configuration is

shown on Table 4.16-1. The AT-41 and APM-41 vehicle configurations are

rated best in performance, growth potentiaL, c[eveiopment cost, and cost

effectiveness. The APM-41 is rated better in these areas than the AT-41.

However, the APM-41 has a higher development risk and a later operational

date (February 1977) than any other vehicle configuration being evaluated. The

APM-41 vehicle is a parallel-staged configuration that will require a larger

launch pad installation. The advantages of reducing the vehicle height and the

disadvantages of increasing the size of the launch pad for the parallel-staged

configurations are discussed in Section 4.13.

The AT-41 vehicle configuration has the second best cost-effectiveness rating,

but also has a high development risk. The risk is lower than the APM-41 because

it is tandem staged but is higher than the T65D and the APM-67B configurations

because of the large liquid engine.

The APM-41 vehicle configuration is rated the best vehicle if the operational

dateof February 1977 is acceptable. Additional cost to accelerate the vehicle

development has not been considered herein. This would require a new system

evaluation using new system study ground rules. The AT-41 vehicle configura-

tion is rated second best with an operational date of January 1976.
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SYSTE M EVALUATION MATRIX

T65D AT -41

Pe rformance

WO 1 (millions of pounds) 38. 062 24.344

Payload/WO 1 ratio 0. 0293 0. 0453

Producibility* 1 1

Development Risk* 1 3

Growth Potential* 3 1

Reliability

:Operational (Cumulative for

79 launches) 0. 886 0. 873

Operational Av_dlability,

Date of First Operational July Jan.

Vehicle (Start,July 1, 1964) 1972 1976

Developmen_:_t_.(rbilltons of dollars) 3. 143 2. 836

Cost Effective_ss i($/lb Payload)

(79 latinehes) =

Operating Cost Effectiveness 74 63

Total Cost EffectiveneSs 147 136

APM-67B APM-41

29. 950 21.975

0. 0368 0. 0501

3 4

2 4

2 1

0. 848 0. 886

August Feb.

1973 1977

3. 064 2. 938

70 51

143 117

* Qualitative rating from best (1) to poorest (4).

• • k

Table 4.16-1
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5.0 COSTING, FUNDING, AND COST ANALYSIS

5.1 INTRODUCTION

This section describes the results of studies performed to determine system

costs for the current-technology T65D configuration and for the APM-41, APM-

67B, and AT-41 advanced-technology vehicles. Cost summaries have been

broken down to show the following cost elements.

• Development cost

• Facilities cost

• Tooling costs

• Ground support equipment costs

• Operational program costs.

Each of these cost elements has been broken down further according to the

recommended NASA cost breakdown for NOVA studies.

Total cost summaries show two types of cost estimates:

• Definitive Cost Estimates --based on system production and implementation

in-accordance with theestablished designs.

• Budgetary Cost Estimates--based on estimated cost increases over and

above the definitive cost estimates, resulting from unpredictable develop-

ment prQblems and lack of sufficient detail system definition.

Total cost summaries are shown for:

• T65D Configuration- Four mission models

• Advanced-Technology Vehicles Mission Model No. 1 only.

Cost effectiveness in terms of dollars per pound of payload in a 225-kilometer

orbit has been determined in accordance with "NOVA Operational Mission

ModelGround Rules," published January 18, 1963, by the NASA Future Projects

Office.

Effects of system cost elements on cost effectiveness are analyzed. Total sys-

tem costs for the T65D configuration and the advanced-technology configurations

are compared and the effects of system cost elements on this comparison are

analyzed.

5.2 SUMMARY

Table 5.2-1 shows operational program cost and total system definitive and

budgetary costs for the T65D vehicle configuration.
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COST SUMMARY T65D VEHICLE

(Dollars in Billions)

Mission Model Number (see Section 3.3.3)
1 2 3 4

Operational Program 6. 322 5. 094 5. 700 4.539

Total Program

Definitive 12. 645 11. 411 11. 455 10. 283

Budgetary 14. 858 13. 499 13. 464 12. 173

Table 5.2-1

Table 5.2-2 shows operational program costs and total system definitive and

budgetary costs for the advanced-technology vehicles for Mission Model No. 1.

COST SUMMARY--ADVANCED-TECHNOLOGY VEHICLES

(Dollars in Billions)

Vehicle

APM-41 APM-67B AT-41

Operational Program 4. 187 5. 448 4.952

Total Program
Definitive 9.703 11.056 10. 847

Budgetary 12.052 13. 564 13.405

Table 5.2-2

Table 5.2-3 shows the cost-effectiveness comparison between the advanced-

technology vehicle and the T65D configuration. This comparison is for Mission

Model No. 1 only, In accordance with the NASA ground rules, transtage costs

were not included in the cost effectiveness comparison.

COST EFFECTIVENESS COMPARISON

_ Definitive Costing* Budgetary Costing*_ Total Operational Total Operational

Vehicle _ !_,:!_ , Program Program Program Program
Systems _::_$/lb) ($/lb) , ($/lb) ($/lb)

T65D 0. 886 i:_ 149 75 175 82

AT-_I 0. 873 136 62 168 68

APM-67B 0. 848 143 71 175 78

APM-41 0. 886 119 51 148 56

*Boeing Solid-Motor Cost, Payload Factor = 0

Table 5.2-3
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Cost-effectiveness comparisons of thefour mission models for the T65D vehicle
are shownin Section 5.4, Table 5.4-4. Examination of these data shows an in-
crease in cost effectiveness (decreasein dollars per poundof payload in orbit)
with an increase in the number of operational launches.

In general, it was found that vehicle procurement costs had the greatest influence
on cost effectiveness.

Comparison of total system costs for the four vehicle configurations (basedon
Mission Model No. 1-- 79operational launches) reveals that the current-tech-
nology configuration (T65D) showsthehighest cost, with the APM-67B, AT-41,
and APM-41 vehicles showing successively lower costs. The greatest cost dif-
ferences result from launch vehicle costs, which appear to be a function of size
and weight. Launchvehicle costs accountfor more than 50percent of the cost
differences betweenconfigurations. Other factors affecting cost differences to
a lesser extent are development, launch facilities, and launch operations.

5.3 PROGRAM COSTING AND FUNDING

The results of the costing studies are presented in this section. Total system

costs have been estimated for the T65D vehicle and three advanced-technology

vehicles: APM-41, APM-67B, and AT-41. Program cost estimates for the

T65D vehicle are given for Mission Models 1, 2, 3, and 4 (see Section 3.3.3).

Program cost estimates for the advanced-technology vehicles are given for

Mission Model No. 1 only. Fiscal year funding is shown for the T65D system
Mission Model No. 1.

Two types of program cost estimates are provided: definitive and budgetary.

Definitive cost estimates are based on cost parameters developed from exper-

ience with past programs and make no allowance for unforeseen contingencies

or major model changes. Definitive cost estimates permit valid cost compari-

sons among vehicle configurations. Budgetary cost estimates are based on

definitive cost estimates, but provide for the cost of contingencies or growth

factors that would cause actual program costs to exceed estimated costs. A

more detailed description of budgetary costing techniques is provided in Section
5.3.3.

Cost estimates are provided for all phases of the vehicle development and opera-

tional program. The only items that have been excluded from this study are the

cost of the payload Placed in a 225-kilometer parking orbit. The third stage is

considered to be part of the payload. Vehicle costs include the first stage, sec-

ond stage, transtage, and guidance and control package. The cost summaries

itemize the costs for development, facilities, tooling and ground support equip-

ment, as well as the operational program. The costs for all facilities and

operations at the Atlantic Missile Range have been provided by The Martin Com-

pany, Denver Division. These costs have been included as received. A sum-

marized description of AMR facilities as developed by Martin-Denver is presented
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in Section 3.3.7. Detailed cost developmentis provided in Martin document
NASA-CR-63-7, "NOVA Launch Facility Study," dated March 1963.

Costs were estimated for each of the major systems and subsystems of the launch

vehicle through the use of a cost model programmed for the 7080 computer. This

model uses a parametric estimating approach. Scaling factors are programmed

into the computer for each of the items listed in the weight statement; thus 30 or

40 major elements can be considered for each stage. It has been found that this

approach permits a more accurate result than a cost parameter for a complete

stage, because it develops the proper relationship between the various cost
elements of the vehicle.

Composite learning curves used in this study for the major subsystems of the
vehicle are as follows:

Percent

Struc__Jre 88

Solid-Motor Case 88

Nozzle and Insulation 90

Liquid Engines 90

Propulsion Subsystem 88
Electronics 90

Solid_Propellant 97

In applying th.ese learning curves tO the costing of

technology vehicles_ two modifications were usech

• A 95-percent learning curve was used for the

the T65D and advanced-

A "B" factOr was applied to the above learning curves for the operational

vehicle because only one-half of the learning gained in the fabrication of the

test flight vehicles could be projected for the operational program.

The cost of the payload (including the third stage) and those costs peculiar to the

payload have been excluded from system cost estimates. Payload loss factors of

0, 10, and 50 dollars per pound were used in calculating cost effectiveness in

accordance with NOVA ground rules.

The estimating approach is based on the assumption that the T65D and the advanced-

technology vehicles, including the high-pressure liquid engines, can be developed

from the current-technology base with no new materials or major breakthroughs

required. IV-314

The costs are intended to reflect to a federal agency reasonable costs for goods
and services. The costs are based on Fiscal Year 1963 prices and do not include

escalation over the life of the program. However, the effects of escalation are

shown for the T65D configuration, Mission Model No. 1 funding chart (Table

5.3-1) for reference.

The cost estimates in this study are based on the vehicle designs, operational

concepts, and statement of work as defined in the previous sections of this document.

entire R&D flight test vehicle.

5.3.1 Guidelines and Assumptions
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Design and development cost for the second stage of the T65D vehicle assumes

that the M-1 engine has not been developed.

Definitive costs are based on the assumption of producing the vehicle systems as

described, and do not anticipate major model changes. The estimates are intended

to cover minor revisions and changes to the specifications.

New tooling and manufacturing facilities will be procured for the production of the

R&D vehicles. Because of the cost and size of the tooling and facilities and the re-

quirement for a specified vehicle reliability at the completion of the development

program, soft tooling and temporary facilities are considered inadequate.

It is assumed that the solid-propellant manufacturing facility would be located

within a few hundred miles of the Cape. The second-stage manufacturing facility

would be located on the Gulf Coast with the liquid-engine manufacturing plant on

the West Coast and the other manufacturing facilities located in the Northwest,
Midwest, and Atlantic Seaboard.

5.3.2 Cost Category Glossary,

This section provides general definition of items included in each cost category.

Each cost category contains all applicable cost elements such as manufacturing
labor, quality control raw materials p,,_'_h_ qA4 _n,;_nm_nt miscellaneous

direct expenses, and fee. It has been assumed that such items as R&D launch

facilities andinitial tooling produced for the R&D program can also be used for

the operational program.

5.3.2.,1 Engine Design and Development

For thgflrst (booster) stage, this category includes the entire design and develop-

ment Cost for the ;260-inch-solid motor (case, liner, nozzle, and igniter) through
preflight rating tests (PFRT). Also included are the costs for five full-scale motors

to be used in PFRT. The solid propulsion industry has not determined a require-

ment for fuil-scale qualification=test motors. It is assumed that the solid pro-

pellant will have been essentially developed on previously funded projects and

will be available for this program. Costs for additional motor manufacturing
facilities are covered in the facilities section of the cost breakdown. Costs for

TVC design and development are included with stage R&D.

For the liquid-propellant second (sustainer) stage and transtage, this category

includes all engineering and manufacturing cost to design, produce, and test the

engine system (pump, chamber, nozzles, and accessories) through PFRT and

quaIification tests. New manufacturing and testing facilities that would be re-

quired are included in the manufacturing facilities category. Liquid propellants

required for engine development have been included in the propellants and high-

pressure-gases category.

5.3.2, 2 Stage Engineering_ Design_ and Develoument Testing

This is the accumulation of the estimated cost for stage system analysis, sub=

system design and development, integration, and stage development testing.
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Required functions included in this category are: requirements analysis, pre-
liminary design, prototype hardware fabrication, prototype testing, production
drawings, test unit fabrication, structural testing, and subsystem designverifi-
cation. Stageintegration, including associate contractor liaison and NASA direc-
tion during engineering design and developmentfunctions, is included.

5.3.2.3 Flight and Ground Test Engines

For the first (booster) stage, flight-test-engine cost is the cost of the solid motors

required for the R&D flight-test program. Ground-test-engine cost is the cost of

the inert motors used in transportation and handling tests and stage structural
tests.

For the liquid upper stages this category is composed of the cost of the liquid en-

gines used during the flight-test program and the operational hardware or dummy
units required for ground test.

5.3.2.4 Flight and Ground Test Stages

This category contains the recurring cost for stage structural components, elec-

trical power, flight control (TVC}, telemetry, retro and ullage rocket subsystems,

and, in the case of liquid-propellant stages, the pressurization, propellant dis-

tribution, and utilization subsystems for R&D flight tests and the ground-test
stage.

5.3.2.5 Checkout and Static Test

Stage checkout and static test cost includes only liquid stage development and

acceptance tests conducted at the Mississippi Test Facility (MTF}. This cate-

gory contains the cost of operation at the facility, including the cost of stage

installation in the test stand, test systems checkout, propellant loading, com-

pletion of prefire countdown, and static firing of the test stages. In addition,

compatibility checkout cost for ground handling, transportation, and test

instrumentation equipment is contained herein.

5.3.2.6 Astrionic Design and Development Testing

This category includes only the cost associated with the design of the vehicle

guidance and controlsystem located in the transtage. Costs for the development

of other astrionic equipment have been included with the cost of the particular

stages in which they would be installed.

5.3.2.7 Astrionics Hardware for Flight Test Vehicles

This category includes costs for the vehicle guidance and control hardware only.
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5.3.2.8 Vehicle Systems Engineer_g and Integration

This is the cost of integration for the first and second stages and the transtage.

This effort is primarily a management and engineering function with no hardware
costs included.

5.3.2.9 Transportation

Transportation costs are those involved in handling and transporting the finished

vehicle hardware. This includes the shipment of components from associate con-

tractors to the stage manufacturing facilities, as well as completed vehicle stages

to the test site and to the launch facilities. Transportation costs are quite low

because transportation equipment, such as barges, is included in miscellaneous

facilities costs. Therefore, the transportation cost of the vehicle stages and

motors consists mai_!Y of the costs for tug tow charges. Also included in this

category are the aativipated costs to relocate the personnel to staff new produc-

5.3.2.10 Launch Operations

These costs were developed by Martin-Denver. Included are costs incurred dur-

ing the flight-test program for launch-base labor to receive, transport, inspect,

assemble, erect, :e_ out, and launch the airborne vehicle; range and general
overl_i_expensesi:taunch facilities refurbishment; and ground support equip-

5.3,2.11 P_nts and Higah-Pressure Gases
, .... _ H u. ' •

This category includes the liquid propellants and high-pressure gases for the air-

borne vehicle. These costs were estimated by The Martin Company, Denver

Division, and include amortizing of plant, power, labor, raw materials, barges,

transportation to pad_ standby propellants, purging, and pressurizing gases.

Also included for the development program are the liquid propellants required to

develop: the second, stage and transtage engines, and the propellants required for

test activities at the MisSissippi Test Facility. The solid propellant for the first

stagas:is tnctudedwith the vehicle hardware.

T_ catogory:_ti_:Costs for overall program management. Included are

inittai2on, _nd ¢oo_on of program direction, definition of vehicle and vehicle

requtrements,_in!t_latl0n and approval of changes to the system, coordination of

interfaces _:/Ve_iele and launch facilities, and coordination and approval

of the contractor'_ efforts.
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5.3.2.13 Manufacturing Facilities

It is believed that facilities exist for the manufacture of the Stage I interstage,

skirt, cluster structure, TVC, and other accessories. Sectionalized construc-

tion of the cluster structure should enable relatively easy shipment to the launch

facility. Accordingly, no costs have been included for additional facilities re-

lated to these items. Costs shown for solid-motor manufacturing facilities in-

clude: case preparation, propellant mixing, casting-curing, motor finishing,

and static firing and test. Additional facilities have been included for motor-

case and nozzle production.

A new second-stage manufacturing facility will be required. In addition, a new

facility will be required to produce the second-stage engines.

5.3.2.14 Test Facilities

ThJ_ _e_n,_ "inalnrl_._ addJtitmal faailJtta.q raouirad at the Mississimai Teat

Facility. Three test stands for second-stage static tests are included, complete

with control centers, computing equipment, checkout and handling equipment,

inst_,_mentation, canals and docking facilities, site development, and extension

of base utilities. One second-stage-engine test stand is included.

5.3.2.15 Launch Facility

This category covers the cost of the complete AMR launch base. Included are

all facilities, ground support equipment hardware, and the design/development

cost of that gr.ound support equipment that is not consideredstage-peculiar. The

costs shown were estimated by The Martin Company, Denver Division, and are

described in their doctunent. To aid in this estimate, Boeing supplied to Martin-

Denver the costs for the following items:

• Test, checkout, and service equipment

• Transportation and handling equipment

• Launch equipment

• Ground recording equipment.

5.3. 2, 16 Miscellaneous Facilities

Thtscategory contains transportation equipment, including barges and all asso-

ciated handling devices, required to transport first stages between the propellant

plant, motor hold area, motor storage area, and launch base; transport second

stages between factory, static test, and launch base; and transport transtages

from factory to launch base.
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5.3.2.17 Tooling and Ground Support Equipment

The tooling category includes those nonrecurring tool desig_ and fabrication costs

required to support the vehicle manufacturing program. Important elements are

labor, overhead, and material for the planning, design, and fabrication of detail

tools, jigs, fixtures, and plant handling equipment, slings, dollies, etc., to

support manufacturing operations in the fabrication shops, subassembly, and

finalassembly positions. Sustaining costs for the maintenance of tooling during

the fabrication of the vehicles is not included in this tooling category, but rather

is a part of tooling and GSE maintenance.

The ground support equipment category includes the cost of designing and de-

veloping all items of stage-peculiar ground support equipment and the cost of the

gro,,_n_d support eq,,Apment b2.rdw.are used at all locations except AMR. GSE hard-

ware costs for AMR are included in the launch facility costs.

5.3.2. lS Operational Program

Estimated costs to sustain a launch program over a 10,year period are included

in this category. Major cost items of the category are:

• Sustaining engineering for product improvement and production liaison

• Recurring vehicle manufacturing costs, consisting of manufacturing and

quality control direct and indirect labor, materials, spares, and purchased

parts for launch vehicles

• Tooling and GSE maintenance costs for the labor and materials required to

repair and replace fabrication tools and items of ground support equipment

that are used in the manufacturer's plant for production of the operational
launch vehicles.

Additional operational cost items defined previously in this glossary are:

• Propellants and high-pressure gases

• Launch operations

• Transportation

• Program management.

5.3.3 • Budgetary CoSting

The term budgetary cost has been used for this study to identify the total system

cost resulting from the addition of estimated cost increases to the definitive total

system cost. These cost increases are the result of unpredicted development

problem s and program changes.

The basic cost sttmmaries were prepared using definitive costing. Definitive

costing is limited to estimating costs specifically for the vehicle and the program
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selected without consideration of major contract changes, redirections, and es-

calations, etc. It assumes that the launch vehicle system being costed will be

constructed essentially in accordance with the designs developed in the study and

that performance will be essentially as predicted. Historically, this type of cost

estimate has been extensively used in preliminary design studies to determine

system costs. Its advantage lies in the fact that it permits cost comparisons

between competitive systems without the injection of opinion on the relative

development risks involved for each system. Accordingly, definitive costing

has been used in this study as the basis for comparison of the T65D vehicle con-

figuration and the three advanced-technology vehicle configurations.

Budgetary costing attempts to develop costs for those item s that cause the pro-

gram costs to exceed the estimated costs. These items can generally be asso-

ciated with inflation and growth in technology. However, inflation has been

excluded by direction from this study. Many current space projects have ex-

perienced difficulty With act_l costs exceeding estimates, and budgetary costing

is intended to bridge some of this gap. Estimating technology permits accurate

prediction of costs if sufficient design details are available and the statement

of work is firm. However, this amount of detail is not normally available for

future programs such as NOVA. The accuracy of cost estimates is, then,

heavily dependent upon technical appraisal of the program and the potential

growth and redirections that may materialize during its lifetime. E stimating

technoIogy, i:_ bri_ _sgap, providing more accurate cost estimates today

than _:d:_ve been estimatod a year or two ago. Industry experience in solving

space_s_l': cvst_stimating problems is constantly being accumulated by esti-

matI_: _S,': This:, in. turn, serves to update the estimating techniques.
, v -

Budgetary costing should be confined in scope to stay within reasonable limits.

Considerations should be limited to cost changes that do not substantially change

the booster concept or that do not result from major model changes. It is diffi-

cult to draw the dividing line between model changes and major model changes;

however, a major modelchange would be one which would significantly (more

than _20 percent} modify the vehicle performance. In view of the NOVA pro-

gramts presenthek of definition, there is a distinct probability that the vehicle
size will change considerably from t_e present concept before contract award

and during_the life of the program. This change could either be for a larger,

smaller, or_a moresophisticated vehicle. Budgetary costing is not intended to

cover chants of :this magnitude.

Price escalation :or;lnflatioh has been eliminated from consideration by the study

ground rules. Inflation, however, will quite likely have more effect on budgetary

costing than a_F other single item. Based on the T65D program with 79 opera-

tional: launches anclusing an assumed price escalation Of 4 percent per year,

total program costs could increase 40 percent during the lifetime of the program.

Theadjustment of the basic costs for the normal type of Engineering Change

Proposal (ECP) or any other type of change appears to be of questionable validity.
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This assumption excludes major ECP's, model changes, etc. The reason _or
the foregoing statement is that the run-of-the-mill ECP is reflected in the basic
historical data from which the estimator develops his improvement curve slopes.
Onestudy ona major program indicatedthat such changescausedthe improve-
ment curve slope to be three percentagepoints higher than when changeswere
extracted from the basic data. There is data available that indicates that ECP's
amount to approximately 15 to 20percent, but if this is addedto budgetary cost-
ing without properly adjusting the improvement curves used, a double charge
will result. Therefore, it was electednot to include this item and to use improve-
ment curves derived from historical datawhich include all changesexcept major
model changes.

By process of elimination, budgetaryestimating deals with those elements of
cost which as yet are unknownand are usually referred to as state-of-the-art
changesboth in designand manufacturing technology. Since the assumed pro-
gram, on which the T65D system andadvanced-technologyestimates are based,
_v/-ar_lo f'vn'r_ 1Qgq fn lClRA <=_ o_'=_'_oo1 ,"xf 4"h,'-.o_ ,-,no'l- i_-ar_ 'i-ho_ o-r.._ nfrl- l.,-,.,.f,,,_=,,

to the estimator becomes difficult. The most appropriate tool for the estimator

to use is the cost history of previous programs. The percentage increases esti-

...-._m_ .v.e_ ,,_ _,_..th__._ _,_.v_._m were based on a review of cost records _e_.pre-

vious programs. The percentages selected should indicate the proper trends.

It should also be anticipatedthat the percentage of variance will be higher for

the I_D program. This is the period when the operational vehicle and system

are being defined and developed; consequently, more uncertainties exist. It is

during this periodthat sufficient test vehicles are being launched to ensure pre-

scribed reliabiIity and performance. After a system has been developed and the

problems have been generally solved, costs become more predictable. The per-

centage increases estimated for budgetary costing on this program are as follows:

Vehicle T65D APM-41 APM-67B AT-41

R&D, Facilities,

Tooling, and GSE 25 35 35 35

Operational 10 10 10 10

Cost increases have been applied to the entire program rather than individual

items. It is not feasible to isolate specific items or areas that might run into

problem areas from a cost standpoint. Higher percentages of cost increase are

used for the advanced-technology vehicles than for T65D since more problems
are likely to arise when the state of the art is extended.

5.3.4 Cost Summaries _T65D

5.3.4.1 Cost Summaries _ T65D Vehicle With Fiscal Year Funding

This section presents summaries of the total system costs for the T65D vehicle

for Mission Model No. 1. Table 5.3-1 shows the total program cost summary.
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TOTAL PROGRAM COST SUMMARY

Cost Summary with Fiscal Year Funding

Vehicle T65D

Mission Model No. 1

(Dollars in Millions)

Fiscal year 196,i 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1982 TOTAL

DEVELOPMI':NT COST (5.3-2)

FACII,ITIES (5 2-3)

TOOLING (5.3-4)

GROUND SUPPORT EQUIPMENT (5.3 4)

OPERATIONAL PROGRAM (5.3-5)

TOTAL PROGRAM DEFINITIVE

COSTING

BUDGETARY COST INCREASE

25(_[ Increase for Development,

Facilities, Tooling, and Ground

Support Equipment

10_)_ Increase for Operational

Progl-am

37 163 281 t72 543 448 ,t13 403 345 133 3,238

47 194 270 351 320 331 332 238 219 94 2,406

109 319 93 521

12 35 55 28 16 8 4 158

3 124 502 819 851 699 678 426 489 555 454 503 213 6

84 478 905 971 901 795 756 769 1066 1046 851 699 678 426 489 555 454 503 213 6 12,645

21 121 228 243 225 199 189 160 138 57 1,581

12 50 82 85 70 (;8 43 49 56 46 50 21 632

TOTAl. PROGRAM BUDGETARY COST 105 599 1123 121i 1126 994 945 941 1254 1185 936 769 746 469 538 611 500 553 234 6 14,858

ESCALATION COST INCREASE

Percent ol Increase by Year

Amount of blcrcase

•t 8.16 12.49 16.99 21.00 2(;.53 31.59 36,85 t2.32 t8.01 53.93 60.09 66. t9 73.15 80.08 87.28 94.77 102.56110.66 119.09

-t 49 142 206 244 264 299 347 531 569 505 462 496 243 431 533 474 567 259 7 6,732

TOTAL PI/OGILAx\I C(/ST WITH

:t% PER YEAR ESCALATION 109 648 1275 1420 1370 1258 12,t4 1288 1785 1754 1441 1231 1242 512 909 1144 974 II2U 493 13 21,590

'Fable 5.3-1

iiiiiiiiii_

iiiiiiiiiii_
iiiiiii!iiiii!iiiii_!ii_iii!
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Budgetary cost increases and price escalations at the rate of 4 percent per year

are included. Costs have been segregated and estimated separately for four

major categories.

Development cost

Facilities

Tooling and ground support equipment

Operational program

Table 5.3-2

Table 5.3-3

Table 5.3-4

Table 5.3-5

The following is a summary of vehicle data used for costing of the T65D.

Orbital Payload (225-kilometer orbit)

First-Stage Weight Prior to Liftoff

Second-Stage Weight Prior to Ignition

First-Stage Cluster of Six Solid Motor

Motor Construction

Second Stage Propellant.-

Second Stage Engines

Vehicle Description

Vehicle Weight Statements

Number of Flight-Test Vehicles

1,165,000 Pounds

27,914,830 Pounds

8,953,810 Pounds

260-inch Diameter

Unitized

LO2/LH 2

Five M-l's

See Section 3.2.11

See Section 3.2.9

13

5.3.4.2 Cost Summaries -- T65D Vehicle_ Four Mission Models

Tables 5.3_6, _7, and -8 present cost summaries of the T65D vehicle system for

the four: mission models (see Section 3.3.3}. Each mission model requires a

different nUmber of operational launches as follows:

Mission Number 1

Mission Number 2

Mission Number 3

Mission Number 4

Mission Model Description

79 Operational Launches

60 Operational Launches

71 Operational Launches

53 Operational Launches

This section includes only the detailed cost summary tables that reflect changes

to the T65D cost summaries with fiscal year funding. The development and the

IV-325

The parametric estimating method employed for this study developed costs by

vehicle elements rather than accounting elements. Therefore, the vehicle cost

elements include all of the cost items that would be applicable, such as manufac-

turing, installation, inspection, raw material, purchased equipment, and fee.
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DEVELOPMENT COST

Cost Sumnmry with Fiscal Year Fuading

Vehicle T65D

Mission Model No. 1

(iI(_[lars ill Millions)

Fiscal Year 1964 1965 1966 1967 1968 1969 197__0 1971 L972 1973

STAGE I

Motor Dcsigm and Development 10. 000 30. 900 40. 000 50. 000 50. 000 20. 000

Stage Engineering, Design, Development, and Test 7.446 28.759 40.827 38.259 31.840 25.677 24.137 24.137 24.137 li.555

Flight- and Ground_Test Motors

Flight- and Ground-Tcst Stages

Checkout and Static Test

STAGE II

Engine Design and Development

Stagy Engineering, Design, Development, and Test

Flight- and Ground-Test Engines

Flight- and Ground-Test Stages

Chcckout _ind Static Test

TRANSTAGE

Engine Design and Ilevelopment

Stagc Engineering, Design, Development, and Test

Flight- and Ground-Test Engines

Flight- and Ground-Tcst Stages

Checkout and Static Test

VEIIICLE

Astrionics Desig_n and Development Testing

Astrionics llardware Fllght-Test Vehicle

Vehicle System Engineering alld Inte_tion

Tl_4nsporta tion

Launch Oper_ations

Propellants and Iligh-Pressurc Gases

Program Management

TOTAL DEVELOPMENT

18. 447 108. 837 124. 825 92.235 92.235 77.,t77 70.099 30. 745

5.464 32.239 36.974 27.321 27.321 22.950 20.764 9.106

2.255 5,785 6.408 6.408 4.806 4.005

13.750 41.250 55.000 68.750 68.750 27.500

32.980 5-1.794 ,t6,484 32.980 28.566 23.890 19.477 14,801 5.714

5,035 20.514 31,980 31.980 31.980 31.980 25.549 13.053

8.931 36.388 56.731 56.731 56.730 56.731 45.320 23.161

5.360 12.521 17.980 17.980 17.116 15.387

4. 000 10. 000 12. 000 10. 000 4. 000

4.771 1(I.319 8.471 6.621 5.161 4.041 3,700 3.700 1.900

0. 059 0. 373 0. 373 9. 373 O. 292 0. 236 0.177 O. 059

0.870 5.553 5.553 5.553 4.347 3.506 2.637 0.87(I

0.751 1.006 1.006 1.006 1.006 0.750

1.176

1.009

1.042

1.035

6.888 1t,868 15, i56 13,10t 10,836 8.568 6.300 t.536 2,268

0.63,t 't. 0t6 ,t. (146 ,t. 046 3.167 2. 555 l. 921 O. 63,t

8.188 1(I.205 8.722 6.6,i5 6.111 6.111 5.637 4.628 2.078

1.564 1.561 1,0.t2 0.521 1.042 1.56,1 1.042 0,521 (I.521

36. 600 73. 200 91. 400 91. 400 78. 200

1O. 630 31. 890 31.89(I 31,890

3.593 ,t.082 4.082 3.67!) 3.277 2.875 2.875 2.2,t2 1.006

35.458 161.993 281.099 469,582 540.634 449.003 ,t14.682 404.821 346,264 134.560

Tahle 5.3-2

D2-22431-rv

TOTAL

200.000

256.774

614.900

182.139

29.667

275,000

259,686

192.071

340.723

86.444

-tO.0O0

48,684

1.942

28.889

5.525

S-t. 000

21,049

59. 334

1O. ,t23

365. 800

106. 300

28. 746

3 238,096
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Fiscal Year

MANUFACTURING FACILITIES

Stage I

Motors for Stage I

Stage 1i

Engines for Stage II

Transtage

Engines for Transtage

Total Manufacturing

TEST FACILITIES

Stage 1

Motors for Stage I

Stage 1I

Engines for Stage II

Transtage

Engines for Transtage

Total Test Facilities

LAUNCH FACILITY

MISCELLANEOUS FACILITIES

TOTAL FACILITIES PROGRAM

1964

16.000

ii.000

20.000

47.000

FACILITIES

Cost Summary with Fiscal Year Funding

Vehicle T65D

Mission Model No. 1

(Dollars in Millions}

1965 1966 1967 1968 1969 1970 1971 1972 1973 TOTAL

-0-

22.000 22.000 15.000 75,000

45,000 19.000 75,000

30.000 30.000 20.000 100.000

-0-

-0-

97,000 71,000 35,000 350,000

-4)-

-9-

2,000 7,000 13.000 13,000 14,000 14,000 14,000 13.000 90,000

2.000 ,1.000 3.000 9.000

-4)-

-9-

4,009 11.000 I6.000 13.000 14.000 14.000 14,000 13.000 99.000

93.000 188.0(10 282,000 282.000 282.000 282,000 189.000 188.000 94.000 1,879.000

18,000 35,000 35.000 36.000 36,000 18,000 178,000

,i7.000 194.000 270,000 351.000 330.000 331.000 332.000 238,000 219.000 94.000 2 406.000

Table 5.3-3
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TOOLING AND GROUND SUPPORT EQUIPMENT

Cost Summary with Fiscal Year Funding

Vehicle T65D

Mission Model No. i

(Dollars in Millions)

Fiscal Year

TOOL ENGINEERING AND DESIGN

Stage I

Stage II

Transtage

Total

TOOL FABRICATION

Stage 1

Stage II

Transtage

Total

TOTAL TOOLING PROGRAM

GROUND SUPPORT EQUIPMENT DESIGN

Stage 1

Stage II

Transtage

Total

GROUND SUPPORT EQUIPMENT FABRICATION

Sta_e 1

Stage 11

Transtage

Total

TOTAL GROUND SUPPORT EQUIPMENT

196__5 1966 196__7 196__8 196____9 1970 1971

30.533 15,267 5,089

36.105 18,053 6.018

1,105 0.553 0.184

67.742 33.873 11.291

18,379 128.656 06,759

21.734 152.135 43.467

0.666 4.665 1.33,1

40.779 285,456 81.560

108.522 319,329 92.851

4.000 12.000 16.000 6.000 2,000

5.000 15.900 21.000 8.000 3.000

3.000 8,000 10.000 4.000 1.000

12.000 35.000 17.000 18.000 6.000

5.000 ,LO00 4.000 3.000 1.000

3.000 4.000 4.000 3.000 2.000

2,000 2,000 2.000 2.000 1.00O

8.000 10.OO0 10.000 8.000 4.000

12.000 35.000 55.000 28,000 16,000 8,000 4.000

Table 5.3-4

TOTAL

50.889

60.176

1.842

112.907

185.794

217.336

6.665

407.795

520.702

40.000

52.000

26.000

118.000

15.000

16.000

9.000

40.000

158.000
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i

Fiscal Year

SUSTAINING ENGINEERING AND

PRODUCT IMPROVEMENT

Stage I

Stage II

T ranstage

Astrionics

Vehicle

VEHICLE PROCUREMENT (Incl. Spares)

Stage I

Stage I Motor

Stage H

Stage II Engines

T ranstage

T ranstage Engines

A st rionics Equipment

PROPELLANTS AND HIGH-PRESSURE GASES

TRANSPORTATION

LAUNCH OPERATIONS

PROGIIA M MANAGEMENT

TOOLING AND GSE MAINTENANCE

TOTAL OPERATIONAL PROGRAM

OPERATIONAl, PROGRAM

Cost Summary with Fiscal Year Funding

Vehicle T55D

Mission Model No. 1

(Dollars in Millions)

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 TOTAL

1.027 3.698 7.397 20.341 25.683 94.245 22.602 20.958 19.314 17.465 15.821 14.177 10.684 2.055 205.467

1.548 4.945 10.832 23.783 28.728 27.315 25.431 23.548 21.193 19.545 17.896 16.248 12.009 2.355 239.476

0.094 0.330 0.644 1.635 1.855 1.760 1.682 1.572 1.493 1.398 1.257 1.069 0.739 0.189 15.717

0.131 0.499 0.972 2.548 3.258 3.128 2.943 2.732 2.548 2.365 2.076 1.6_i 1.156 0.236 26.273

0.250 0.785 1.641 3.708 4.636 4.387 3.994 0.638 3.246 2.889 2.497 2.140 1.569 0.285 35.665

13.100 51.284 75.811 75.254 62.433 53.235 38.742 43.759 49.054 42.086 35.997 17.280 557.435

56.118 210.697 324.773 322.381 267.407 228.055 165.966 187.458 210.144 130.294 101.638 74.028 2.388.000

17.834 69.819 103.210 102.452 84.997 72.475 52.744 59.574 66.793 57.299 48.190 23.526 758.903

15.555 60.690 90.018 89.357 74.133 63.212 46.001 51.959 58.247 49.973 42.031 20.519 661.900

2.401 9.401 13.897 13.705 11.444 9.758 7.102 8.021 8.992 7.715 6.489 3.168 102.183

0.155 0.606 0.896 0.889 0.738 0.629 0.458 0.517 0.580 0.498 0.418 0.204 6.588

2.226 8.716 12.885 12.790 10.614 9.048 (;.565 7.437 8.337 7.153 6.016 2.937 94.744

7.372 22.116 26.966 19.400 32.010 7.372 12.222 17.266 9.894 32.010 7.372 194.000

0.342 1.025 1.250 0.899 1,4_4 _.242 0.567 0.801 0.459 1.484 0.342 8.995

29.146 87.408 106.613 76.700 126.555 29.146 48.321 68.263 39.117 126.555 29.146 7(;7.000

0.174 0.648 1.296 2.567 2.791 2.642 2.469 2.268 2.094 1.694 1.869 1.8(;9 1.869 0.474 24.924

5.614 21.977 32.4_7 32.249 26,754 22.813 16.602 18.752 21.021 18.035 15.169 6.808 0.597 238.878

3.324 123.906 502.037 819.138 850.947 699.046 678.395 425.776 488.475 555.044 453.939 502.581 213.356 6.191 6.322.157

Table 5.3-5
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TOTAL PROGRAM COST SUMMARY

Vehicle T55D

Cost Comparison of Four Mission Models

(Dollars in Millions)

D2-22431-1V

Mission Model

Number of Operational Launches

DEVELOPMENT COST (5.3-2)

FACILITIES (5.3-7)

TOOLING (5.3-4)

GROUND SUPPORT EQUIPMENT (5.3-4)

OPERATIONAL PROGRAM (5.3-8)

TOTAL PROGRAM--DEFINITIVE COSTING

BUDGETARY COST INCREASE

25% Increase for Development, Facilities,

Tooling, and Ground Support Equipment

10% Increase for Operational Program

TOTAL PROGRAM- BUDGETARY COST

79

3,238.096

2,406.000

520.702

158.000

6,322.157

12,644.955

1,580,700

632.218

14 857,873

Table 5.3-6

6O

3,238.096

2,400:000

520.702

158.000

5,093.888

11 410.686

1,579.200

509.389

13,499.275

71

3,238.096

1,838.000

520,702

158.000

5__700.192

i1 454.990

1,438.700

570.019

13 45_.I09

4

53

3,238.096

1,827.000

520.702

158.000

4 539.099

10 282.897

1,435.950

453.910

Lz l'lz._t
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FACILITIES

Cost Summary

Vehicle T65D

Cost Comparison of Four Mission Models

(Dollars in Millions)

Mission Model 1 2

Number of Operational Launches 799 60

MANUFACTURING FACILITIES

Stage I

Motors for Stage I 75.000 75.000

Stage lI 75.000 75,000

Engines for Stage I1 100. 000 10O. 000

Transtage

Engines for Transtage

Total Manufacturing Facilities 250,000 250.000

TEST FACILITIES

Stage 1

Motors for Stage I

Stage II 90. 000 90. 000

Engines for Stage II 9. 000 9. 000

Transtage

Engines for Transtage

Total Test Facilities 99.000 99.000

LAUNCH FACILITY 1,879.000 11881,000

MISCELLANEOUS FACILITIES 178.000 170.000

TOTAL FACILITIES PROGRAM 2,406, O00 2,400.000

Table 5.3-7

3
71

75.000

75.000

100.000

250.00____0

90.000

9.000

99.000

1,322.000

167.000

4

S_

75.000

75.000

100.000

250.000

90.000

9.000

99.000

1,325,000

153.000

D2-22431-1V
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OPERATIONAL PROGRAM

Cost Summary

Vehicle T65D

Cost Cllmparison of Four Mission Models

(Dollars in Millions)

Mission Model 1 2

Number of Operational Launches 79 60

SUSTAINING ENGINEERING

AND PRODUCT IMPROVEMENT

Stage I 205. 467 152.5(}5

Stage II 235.476 185. 792

T ranstage 15. 717 12. 372

Astrionics 26.273 19. 954

Vchiclc 35.665 28. 055

VEI|ICLE PROCUREMENT (Incl. Spares)

Stage I 557. 435 439. !}33

Stage I Motors 2, 35_. 009 1,828. 306

Stage II 756. 903 628. 493

Stage II Engines 661. 900 522. 722

T ranstage i02. i83 80. 381

Transtage Engines 6.588 5. l(i_

Astrionics Equipment 91. 744 71. 960

PROPE LLANTS AND HIGH-PRESSU RE GASES 194.00O 161. 800

T llANSPORTATION _. 995 6. _32

LAUNCH OPERATIONS 767.00O 727.0O0

PROGRAM MANAGEMENT 24. 924 24. 924

TOOLING AND GSE MAINTENANCE 238. 878 188. 696

TOTAl, OPERATIONAL PROGRAM 6,322 157 5,093. 888

Table 5.3-8

3

71

214.830

14.333

23.612

32.443

508.025

2,166.810

692.264

603.779

93.115

5.994

85.153

179.200

8.084

642.000

24.924

218.017

5,700.192

4
53

146.145

166.874

11.095

17.625

25.198

393.962

660.142

537.552

469.173

72.095

4.623

63.564

147.500

6.035

623.000

24.924

169.592

_539.099
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tooling and ground support equipment costs remain the same as presented in

Tables 5.3-2 and 5.3-4. Fiscal year funding would not vary sufficiently from

the previous summaries to warrant the inclusion of separate funding schedules.

5.3.5 Cost Summaries mAdvanced_Technology Vehicles APM-41_ A PM-67B,
and AT-41

Table 5.3-9 summarizes vehicle data used to estimate costs for the three

advanced-technology vehicles.

Tables 5.3-10, -11, 12, -13, and -14 are cost summaries showing total system

costs, development facility costs, tooling and ground support eqmpment costs,

and operational program costs, respectively. T65D vehicle costs have been

included for comparison, Fiscal year .funding has not been included since it

will n0t vary sufflCiCnt!y from the T65Dfunding schedules to warrant prepara-
tion of 8 ed des: :

5.3.6 Cost Summary--Vehicles T65D r APM-41_ APM-67B _ and AT-41,

Using NASA-Recommended Solid-Motor Costs

System cost estimates aliowatn Sections 5, 3,4 and 5.3.5 reflect solid-motor

costs that are consider_t_asonableprojectmns based on experience with
current pro_s_:_:,i_/_ry estimates of solid-motor cost trends with

inc_ size_on rate. NASA has recommended the use of solid-

moto Fi:_ i_:_:_:'_r than those used in Boeing estimates. NASA has

also _sted::_8_m cost figures based on these solid-motor costs be

incl_d!in_s__nt. Boeing has been unable to reconcile the solid.

moto p._simi:ve_mmended by NASA with Boeing estimates. However, in

accordance wi_h NASA MSFC request, Table 5.3-15 is provided to show total

program costs based on the use of NASA-recommended solid-motor costs.

Costs are shown for the T65D vehiole and the three advanced-technology vehicles,

based on Mission Model No. 1. All costs remain as shown on Table 5.3-10

0:}eflnifi_:C0sting) except for theadditions to the solid-motor costs.

The soiid::':_rpricos:given by NASA were for the 50th unit, exclusive of TVC,

and are aS: fol!c_m:

o At_3_lloa _unds gross weight, Unit No. 50, learning curve = 97 percent.

the _r,_ d de!Ivered cost is $3.00.

• At_iiO_li__ gross weight, IJ_nitNo. 50, learning curve = 97 percent,

/ -_the:_:r_:dellvered cost is $2.75.
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Vehicle

DEVE LOPMENT COST (5.3-11)

FACILITIES (5.3-12)

1 t)OLING (5.3-13)

GROUND SUPPORT EQUIPMENT (5.3-13)

OPERATIONAL PROGRAM (5.3-14)

TOTAL PROGRAM DEFINITIVE COSTING

TOTAL PROGRAM COST SUMMARY

T65D Vehicle and Adwmccd-Teclmulogy Vehicles

Mission Model No. 1

(Dollars i,tMillions)

T65D APM-41 APM-67B AT-41

3,238.096 3,007.302 3,063.762 3,012.204

2,406.000 2,046.266 2,004,150 2,313.166

520,702 304.461 382.270 411,555

158.000 158.000 158.000 158,000

6,322.157 4,187.090 5,448.175 4,951.900

12,644.955 9,703.119 i1 056.357 10 846.825

BUDGETARY COST INCREASE

For Development, Facilities, Tooling

and Ground Support Equipment

For Operational Program

TOTAL PROGRAM BUDGETARY COST

(25_) (35%) (35%) (35%)

l,580.700 t,930.610 1,962.864 2,063.224

(lO_) (lO_ (lO%) (lOC,_,)

632.218 418. 709 544. 818 495.190

14,857.873 12,052.438 13,564.039 13,405.239

Table 5.3-10
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DEVE LOPMENT COST

T65D Vehicle and Advanced-Technolo_j Vehicles

Mission Mede[ No. 1

(Dollars in Millions)

Vehicle T65 APM-41 APM-67B AT-41

STAGE I

Motor Design and Development 200. 000 165. 000 175. 000 180. 000

Stage Engineering, Design, Development, and Test 256. 774 153. 498 199. 959 215. 409

Flight- and Ground-Test Motors 614. 900 251. 802 358. 035 201. 259

Flight- and Ground-Test Stages 182.139 87.9 I3 166. 013 129. 510

Checkout and Static Test 20. 667 14. 021 21. 764 12. 757

STAGE li

Engine Design and Development 275.000 735.000 310.000 725.000

Stage Engineering, Design, Development, and Test 259. 686 261. 386 333. 801 271. 279

Flight- and Ground-Test Engines 192. 071 86. 673 278. 685 67.038

Flight- and Ground-Test Stages 340. 723 344. 934 381. 654 258. 343

Checkout and Static Test 86. 444 97.111 86. 444 97.111

TRANSTAGE

Engine Design and Development ,lO . 000 40. 000 40. 000 40. 000

Stage Engineering, Design, Development, and Tcst 48.684 48.684 48.684 48.684

Flight- and Ground-Test Engines i. 912 i. 941 2. 106 I. 439

Flight- and Ground-Test Stages 28. 889 28. 889 31. 343 21. 428

Checkout and Static Test 5. 525 5. 525 5. 535 5. 525

VEHICLE

Astrionics Design and Development Testing 8,t. 000 8-t. 000 84. 000 84. 000

Astrionics IIardware l:light Tcst Vehicle 21.049 22. !)61 21.0,t9 15. 300

Vehicle System Engineering and hltegration 59.33,t 59. 334 59. 334 59.33-t

Transportation 10. ,t23 9.884 10. 020 10.033

Launch Operations 365. 800 3i3. 300 323. 000 071. ,t00

P_ up_ii_,_ aad iiigh-Fl c_u_ c Ga_c_ i06. 500 165. 700 55. 600 163. 600

Program Management 28.7.i6 38.7 t6 28.7,t6 28. 746

3 238.0!)6 3 007.302 3,063.762 3 012.204
TOTAL DEVELOPMENT

Table 5.3-ii

D2-22431-IV
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il

FACILITIES

Cost Summary

T65D Vehicle and Advanced Technology Vehicles

Mission Model No. 1

(Dollars in Millions)

Vehicle T65 APM-41 APM-67B

MANUFACTURING FACILITIES

Stage I

Motors for Stage I 75.000 d9. 666 67,050

Stage II 75,000 75.000 82,500

Engines for Stage II I00. 000 215. 000 100. 000

Transtage

Engines for Transtage

Total Manufacturing Facilities 250. 000 339. 666 249. 550

TEST FACILITIES

Stage I

Motors for Stage I

Stage II 90. 000 90. 000 00. 000

Engines for Stage II 9. 000 20. 000 9. 000

Transtage

Engines for Transtagc

Total Test Facilities 99. 000 110. 000 99. 000

LAUNCH FACILITIES 1,879. 000 1,418. 000 1,477. 600

MISCELLANEOUS i,'ACILITIES 178.000 178.000 178.000

TOTAL FACILITIES PROGI_AM 2 406.000 2 046.266 2 004.150

Table 5.3-12

AT-41

49.666

75.000

215,000

339.666

90.000

20.000

ii0.000

1,685.500

178.000

2,313.160

ii_ii _
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TOOLING AND GROUND SUPPORT EQUIPMENT

Cost Summary

T65D Vehicle and Advanced Technology Vehicles

Mission Modcl No. 1

(Dollars in Millions)

Vehicle T6___5 APM-41

TOOL ENGINEERING AND DESIGN

Stage I 50. 889 5. 451

Stage II 60.176 49. 864

Transtage 1. 842 1. 843

Total i12.907 57.158

TOOL FABRICATION

Stage I 183,794 90. 462

Stage II 217. 336 210.176

Transtage 6. 665 6. 665

Total 407. 795 247,303

TOTAL TOOLING PROGRAM 520. 702 304.46____i

GROUND SUPPORT EQUIPMENT DESIGN

Stage I 40. 000 40.000

Stage lI 52. 000 52. 000

Transtage 26. 000 26. 000

Total 118.000 118.000

GROUND SUPPORT EQUIPMENT

FABRICATION

Stage 1 15. 000 15. O00

Stage _[ 16.000 16.000

TL a.sL_ge 3. 000 ',}.000

Total 40.000 40.000

TOTAL GROUND SUPPORT

EQUIPMENT 158.000 158,000

Table 5.3-13

APM-67B

7. 237

64. 434

1. 943

73. 514

30. 504

271. 588

6. 664

308. 756

382. 270

40. 000

52. 000

26. 000

118.000

15.000

16.000

0 9 00

,10.000

158,00____9

AT-41

27,621

49. 665

1. 843

79,12_

116. 422

209. 339

6. 665

332. 426

411.555

40. O00

52.000

26. 000

118.000

15.000

16. 000

9. 099

,I0. 000

159. 000

D2-22431 -IV
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OPERATIONAL PROGRAM

Cost Summary

T65D Vehicle and Advanced Technology Vehicles

_Iission Model NO. 1

(Dollars in Millions)

Vehicle T65 APM-41

SUSTAINING ENGINEERING

AND PRODUCT IMPROVEMENT

Stage I 205. 467 125. 513

Stage II 235. 476 186. 458

Transtage 15.717 15. 717

Astrionics 26.273 26. 273

Vehicle 35. 665 35. 665

VEHICLE PROCUREMENT (Incl. Spares)

Stage I 557. 435 251,188

Stage I Motors 2,388.009 973.212

Stage lI 758.903 1,007. 561

Stage II Engines 661,900 306. ]39

Transtage 102,183 102.183

Transtage Engines 6. 588 6. 588

Astrionies Equipment 94.7,14 94. 744

PROPELLANTS AND HIGH PRESSURE GASES 194.000 203.000

TRANSPORTATION 8. 995 5. 775

LAUNCH OPERATIONS 767,000 656.700

PROGRAM MANAGEMENT 24.924 24.924

TOOLING AND GSE MAINTENANCE 238. 878 165. 450

TOTAL OPERATIONAL PROGRAM 6 322,157 ,t 187.090

Table 5.3-14

APM-67B

138.902

241,908

15.717

26,273

35.665

354.556

1,595.348

971.965

717.129

I02.183

6.588

94.744

217.000

6.134

677.090

24.924

222.139

5_448.175

AT-41

147.123

192.857

15.717

26,273

35.665

525. 850

1.304.595

969,939

302.805

102.183

6.588

94.744

217.000

8,724

778,600

24.924

198,322

4,951.901)
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The total motor costs that result are tabulated below:

Gross Weight of Motor (pounds)

Vehicle

T65D APM-41 APM-67B AT-41

4,423,433 2,210,928 2,668,868 3,319,475

Dollars per Pound of
No. 1 Motor 3.80 4.08 4.03 3.95

Total Cost of No. 1

Motor (dollars in millions) 16.809 9.021 10.756 13.112

Total Cost of Solid

Motors Required for

Flight Test and

Operational Programs

(dollars in millions) 7,351.0 1,616.4 3,056.2 2,323.4

The use of the solid-motor costs furnished by NASA has a significant effect on

total systems costs. A summary of cost changes given as percent increases
to costs is shown below:

Vehicle

T65D APM-41 APM-67B AT-41

Development Cost 16.5 11.6 11.8 11.0

Operational Cost 59.2 29.4 42.7 39.0

Total Program Cost 33.8 16.5 24.3 20.7

- k
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SYSTEMS COST-EFFECTIVENESS ANALYSES AND COMPARISONS

Cost effectiveness analyses were conducted in accordance with "NOVA Operational

Mission Model Ground Rules," dated January 18, 1963, published by the NASA

Future Projects Office. Cost effectiveness was calculated in terms of dollars per
pound of payload delivered to the 225-kilometer orbit. Two measures of cost

effectiveness were used:

• Operational Cost Effectiveness- Recurring costs divided by the payload
delivered to the 225-kilometer orbit.

• Total Cost Effectiveness--Total program costs divided by the payload
delivered to the 225-kilometer orbit.

Cost of the transtage was not included in the determination of cost effectiveness.

Payload loss factors of 0, 10, and 50 dollars per pound were used as specified

in the ground rules.

Cost effectiveness was determined for the T65D vehicle for each of the four mis-
........ _ n n

lUUU.ri:_m_ ._I..eq;_L;JA,ILqi::_U. u y L,LI.ql_ _.m Um&,&mlt,t .JI.ULmt:)_ _LmNLg LILt:_mlLIL_LIL .JL/.I LILt:_lai_l.L mll OI_L_LIUII O. O. O.

For the advanced-technology vehicles, cost effectiveness was determined for

Mission Model No. 1 only, using a payload loss factor of 0.

Cost effectiveness values were also calculated for the T65D and advanced-technology
vehicles, using NASA-recommended solid-motor costs. These calculations were

made for Mission Model No. 7 only, with zero payload-loss factor.

For each co!_ftguratton, major cost items were analyzed for their influence

on costeffecttveness. System costs for the T65D and advanced-technology

configurations _vere reviewed and compared to evaluate significant cost
factors andtrends.

5.4.1 Cost Effectiveness m T65D Configuration

Cost effectiveness for the current-technology vehicle (T65D) has been calcu-

lated using cost data presented earlier in Section 5.3. Other data such as

missions and payload cost per pound are as defined in the NASA ground rules.

Specifically; the data and sources used for computing dollar-per-pound costs
are as listed below:

• Successful _d total launches from Section 3.3.3

• Payload_ve!_tper launch to a 225-kilometer orbit from 3.2.2.4

• Payload i0ss Cost factors (PLF) of 0, 10, and 50 dollars per pound, as

specifled:t_tl_e NASA ground rules

• Total program costs and operational program costs with beth definitive and

budgetary type estimates from Section 5.3

Total program costs and operational program costs have no transtage costs

included. Operational program costs are recurring-type costs only.
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5..4.1.1 Development of Costs

Methodology followed in development of dollar-per-pound costs may be seen

in Tables 5. 4-1, 5.4-2, and 5.4-3, In Table 5.4-1, the cost per pound of

payload lost is derived by multiplying the NASA payload-cost-per-pound

factor by the weight of payload lost for each of the four missions considered.

The weight of payload lost is determined by multiplying the payload-per-launch

weight by the number of payloads lost. The difference between the two launch

rates is the number of launches failed or payloads lost. Tables 5.4-2 and

5.4-3 are summary tables of cost of payloads lost and operational program

or total program costs for definitive- or budgetary-type cost estimates as

taken from Section 5.3. Table 5.4-4 shows the dollar-per-pound of payload

in orbit costs for all of the missions, payload factors, and system cost

summaries. This cost is the system cost divided by the total payload in orbit.

5.4.1.2 Cost-Effectiveness Curves

The comparison of cost effectiveness is shown in the four curves of Figures

5.4-1, 5.4-2, 5.4-3, and 5.4-4. Each figure shows the curves for one of the

four missions considered. Dollars per pound of payload in orbit is plotted

versus the payloads-lost cost factor for the four system costs listed below:

• Definitive total system cost

• Definitive operational program cost

• Budgetary total system cost

• Budgetary operational program cost

5.4.1.3 Cost-Effectiveness Analysis

Cost-effectiveness values vary for the four missions considered. An analysis

of major cost items or groups of cost items and their effects on cost effective-
ness follows:

Launch Facilities Costs m Because of the Mars mission requirements, six

pads are required for Missions 1 and 2; Four pads are required for Missions

3 and 4. The cost of these facilities distributed over the total payload weights

placed in orbit for each mission results in a high cost of 30.5 dollars per

pound for Missioii2 and a low cost of 18 dollars per pound for Mission 3.

Development Costs---The development costs are the same for all four missions.

Costs per potmd of payload in orbit are directly affected here by the number of

successful launches made. The proration of this cost shows a low of 36.9

dollars per pound for Mission 1 and a high of 56.1 dollars per pound for Mission 4.
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COST EFFECTIVENESS COMPARISON

Mission and Type of

System Cost

1

2

3

4

Operational Definitive

1

2

3

4

Operational Budgetary

1

2

3

4

Total Definitive

1

2

3

4

Total Budgetary

Dollars/Pound of Payload in Orbit

PLF = 0 PLF = 10 PLF = 50

75 76 81

79 81 86

75 76 81

82 83 89

82 83 88

87 89 94

82 83 88

9O 91 97

149 150 155

177 179 184

149 151 156

184 185 191

175 176 181

210 211 216

175 177 182

217 219 225

Table 5.4-4
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Fixed Costs m Some items of cost are the same, or "fixed", for each of the four

missions. These items are: ground support equipment design and fabrication;

tool engineering, design and fabrication; manufacturing facilities; and test

facilities. The proration of these costs over the payloads placed in orbit

results in a high of 18.8 dollars per pound for Mission 4 and a low of 12.4

dollars per pound for Mission 1.

Airborne Vehicle and Spares m These costs are a significant part of the total

dollar-per-pound cost. However, the variance due to learning-curve effect

on the different production quantities is not as large as might be expected.

The cost range for first- and second-stage vehicles and spares is 53.5 dollars

per pound for Mission 1 and 57.1 dollars per pound for Mission 4.

The column chart, Figure 5.4-5, shows the effects discussed above. The com-

posite effect of these factors is a reduction in cost per pound in orbit with

increasing launch rates or total launches. Resultant cost effectiveness com-

paris0ns are summarized in Table 5.4-4.

5.4.2 Cost Effectiveness mAdvanced-Technology Vehicles

Cost effectiveness of three advanced-technology vehicles (AT-41, APM-67B,

and APM-4i) has been calculated using total and operational program defin-

itive- and budgetary-type cost estimates from Section 5.3. Mission 1, which

requires a total of 79 launch attempts, has been selected for this analysis.

Data used and their source are listed below:

• Payload weight per launch to a 225-kilometer orbit m 1,100,000 pounds

• Payloads-lost factor of 0 dollars per pound

• Average cumulative reliabilities from Section 4.10

• Total program and operational program system costs from Section 5.3

5.4.2.1 Development of Costs

The method of developing the dollar per pound of payload in orbit costs used

for the cost-effectiveness comparison of this section is evident in Tables

5.4-5 and 5.4-6. The system cost shown in Table 5.4-6 is divided by the

total payload in orbit, Table 5.4-5, to determine the cost in dollars per pound

in orbit. The number of successful launches is the product of the total launches

(79) and the vehicle cumulative average reliability.

5.4.2.2 Cost-Effectiveness Comparison

The comparison of the three advanced-technology vehicles on a cost effective-

ness basis for four types of system costs is shown in Table 5.4-7. Corres-

ponding cost effectiveness figures for the T65D vehicle are included for com-

parison.
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TOTAL PAYLOAD IN ORBIT

Total Successful Payload

Vehicle Reliability Launches Launches Wt/Launch

AT-41 0. 873 79 69 1,100,000

APM-67B 0. 848 79 67 1,100,000

APM-41 0. 886 79 70 1,100,000

Table 5.4-5

Total Payload
In Orb_

75,900,000

73,700,000

77,000,000

SYSTEM COSTS*

(Dollars in Thousands)

Vehicle

Operational Program Costs

Definitive Budgetary

Total Program Costs

Definitive Budgetary

AT-41 4,706,395 5,177,035 10,341,427 12,784,328

APM-67B 5,202,670 5,722,937 10,534, 638 12,921,094

APM-41 3,941,585 4,335,744 9,182,106 11,410,447

*Costs do not include transtage costs.

Table 5.4-6

Vehicle

AT-41

APM-67B

APM-41

T65D

COST EFFECTIVENESS COMPARISON

Dollars Per Pound of Payload in Orbit
Reliability

Operational Program Costs Total Program Costs

Definitive Budgetary Definitive Budgetary (Cum. Avg. )

62 68 136 168 0. 873

71 78 143 175 0. 848

51 56 119 148 0. 886

75 82 149 175 0. 886 •

Table 5.4-7
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5.4.2.3 Cost-Effectiveness Analysis

Cost-effectiveness values vary for the three advanced-technology vehicles

(AT-41, APM-67B, and APM-41) under consideration. An analysis of the

seven groupings of cost items shownin Figure 5.4-6 and their influence on the
cost effectiveness follows:

Vehicle Procurement and Spares- This item shows a more significant change

in cost for the various vehicles than any other item examined. It varies from

a low of 33.0 dollars per pound in orbit for the APM-41 vehicle to a high of

49.4 dollars per pound for the APM-67B vehicle. The cost is related to the

size of thevehicle. The total weight of the first stage, the inert weight of the

second stage, and the clustering of the second-stage engines have the greatest

effect on cost. In this case, the APM-67B vehicle has the greatest weight,

while the APM-41 has the least weight of the three.

Fixed Items --- These items included GSE design and fabrication, miscellaneous

facilities, and program management. These costs were nearly the same for all

vehicles. The only variation was due to the difference in pounds of payload in

orbit for the different vehicles. They varied from 4.2 to 4.4 dollars per pound.

Development Costs m The development costs for the three types of vehicles

distributed over their respective total payloads placed in orbit result in little

variation with a high of 38.4 dollars per pound in orbit for the APM-67B

vehicle and low costs of 36.8 dollars per pound and 36.0 dollars per pound for

the AT-41 and APM-41, respectively. Factors affecting development costs

and their influence on cost effectiveness are motor, engine, and stage design

and development, vehicle size, and number of flight tests required. The

effects of vehicle size and number of flight tests required overshadow the

effects of design m_d development costs. Thus, the APM-67B vehicle, which

is the largest of the three configurations and requires the greatest number of

flight tests, shows the greatest influence of development costs on cost effective-

hess.

Launch Facilities -- These costs vary from a high of 22.2 dollars per pound in

orbit for the AT-41 vehicle to 18.4 dollars per pound for the APM-41 vehicle.

The AT-4tv_hicle, which is a tandem vehicle, will require a taller assembly

and launch,_dlag than the parallel-type vehicles. This taller building, with
its ineregset! cost, results in a higher influence on cost effectiveness for the

AT-41 vehi_:;8_tem.

Tool Engineering, Design, and Fabrication These costs show very little influence

on overaU system cost effectiveness. Their effects vary from a high of 5.3 dollars

per pound in _orbit for the AT-41 vehicle to a low of 3.8 dollars per pound for the
APM-41 vehicle.
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Manufacturing and Test Facilities- These costs also show very little influence

on overall cost effectiveness. Their effects vary from 4.7 dollars per pound

in orbit for the APM-67B vehicle to 5.9 dollars per pound for the AT-41 vehicle.

All Other Costs--These costs include sustaining engineering, propellants,

transportation, launch operations and tooling, and GSE maintenance costs.

They cause variations in cost effectiveness from 20.9 dollars per pound in

orbit for the APM-67B vehicle to 17.9 dollars per pound for the APM-41

vehicle. The weight of the vehicle seems to have the greatest effect. The

height of the vehicle can also have considerable effectand, in this case, the

influence of height on launch operations cost for the higher but lighter AT-41

vehicle resulted in almost the same cost effectiveness increment (20.8 dollars

per pound) as for the APM-67B vehicle.

The column chart, Figure 5.4-6, shows the results discussed above. Resultant

cost effectiveness comparisons are summarized in Table 5.4-7.

5.4.3 Effects of NASA-Recommended Solid-Motor Costs on Cost Effectiveness

Cost effectiveness of the T65D vehicle and the three advanced-technology vehicles

(APM-41, APM-67B' and AT-41) using NASA-recommended solid-motor costs

has been calvalated. Mission No. 1, which requires 79 launch attempts, was

used in thls analysis. Data used and their sources are:

• Payload weight per launch to a 225-kilometer orbit -- 1,165,000 pounds
for the T65D vehicle and 1, 100,000 for the advanced-technology vehicles

• Payload lost factor of 0 dollars per pound

• Average cumulative reliabilities from Section 4.10

• Total-program and operational-program system costs using NASA-

recommended solid-motor costs from Section 5.3

5.4.3.1 Development of Costs

The method of developing the dollars per pound of payload in orbit costs used

for the cost effectiveness comparison of this section is evident in Tables 5.4-8

and 5, 4-9. The system cost shown in Table 5.4-8 is divided by the total pay-

load in orbit, Table 5.4-9, to determine the cost in dollars per pound of payload

in orbit.

5.4.3.2 Cost Effectiveness Comparison

The comparison of the T65D vehicle with the three advanced-technology vehicles

on a cost effectiveness basis (using NASA-recommended solid-motor costs) is
shown in Table 5.4-9. This table shows that the APM-41 vehicle has the best
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cost effectiveness, followed, in order, by AT-41, APM-67B, and T65D. Table

5.4-7, which reflects Boeing-estimated costs for the solid motors, indicates

the same order of cost effectiveness for the vehicles under consideration.

NASA-recommended solid-motor costs, therefore, have the effect of increas-

ing the dollars per-pound-of-payload-in-orbit cost without changing the order
of cost effectiveness of the four vehicles under consideration.

SYSTEM COSTS*

(Dollars in Thousands)

Operational Total

Vehicle Program Program

T65D 9, 819, 926 16,402,384

APM-41 5,170,730 I0,569, 581

APM-67B 7,528,077 13,222,439

AT-41 6, 638, 224 12,403,287

* Costs do not include transtage and astrionics costs

(Costs are based on NASA-recommended solid-motor costs)

Table 5.4-8

Vehicle

T65D

APM-41

APM-67B

AT-41

COST EFFECTIVENESS COMPARISON

Dollars Per Pound of

Payload in Orbit

Total Pounds Operational Total

Payload in Orbit Program Program

81,550,000 120 201

77,000, 000 67 137

73,700, 000 102 179

75,900, 000 87 163

Table 5.4-9
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5.4.4 Cost Comparisons

The three advanced-technology vehicles (AT-41, APM-41, and APM-67B) were

costed from conceptual engineering studies for comparison with the T65D

current-technology vehicle. In this section, the important elements of the

system costs are compared. The reasons for major differences in cost ele-

ments are discussed.

5.4.4.1 System Cost

The system costs for major elements of the four configurations are presented

graphically in Figure 5.4-7. The current-technology vehicle (T65D} shows the

highest cost, with the APM-67B, AT-41, and APM-41 showing successively

lower costs. Greatest differences result from the vehicle costs with lesser

differences in development, facilities, and operations.

The costs have been estimated from engineering descriptions of the System and

vehicle configurations. The important differences in the vehicles are in the

quantity and length of first-stage motors, the quantity and size of hydrogen

engines and tankage size used, the staging concept, separation concept, and the

mode of operation of the liquid stages. Subsystems are functionally similar for

all configurations. The transtage and astrionics equipment are identical. The

descriptions of the technical design are discussed in Sections 3.0 and 4.0.

These descriptions are the basis for the estimates and create the differences

in costs for the four systems. Table 5.4-10 below summarizes some of the

salient characteristics of each system contributing to the differences in total

costs.

T65D AT-41 APM-67 APM-41

First-stage weight

Motors (lbs x 10 U}

Equipment and structure
(Ibs X I0_

Second-stage weight

Engines 0bs x 106)

Equipment and structure

(lbsx 106)

Number of fllght tests

Operational flights

Second-stage engine

Quantity and type

27.35 13.34 16.09 9.10

0.568 0.468 0.125 0.108

0.100 0.089 0.122 0.093

0.497 0.677 0.761 0.702

13 10 14 13

79 79 79 79

5 M-1

Vacuum thrust each (lbs x 10_ 1.5

1 L-9H 7 M-1

Toroidal

11.1 1.5

1 L-9H

Toroidal

11.2

Table 5.4-10
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Airborne, Vehicle Cost --The major differences in vehicle cost come from the

airborne vehicle. The vehicle contributes more than 25 percent of the system

cost and accounts for more than 50 percent of the difference between the systems.

Figure 5.4-8 shows the vehicle and spares procurement costs for the four sys-

tems. Spares are estimated at 3 percent of the total vehicle procurement.

The procurement costs are shown to have a relationship to the weight of con-

figurations of similar designs and comparable design factors. Figures 5.4-9,

-10, and-11 show graphically the trends in vehicle costs with size. Costs are

shown for a quantity of 92 vehicles. A slight adjustment to the cost shown in

the summaries is necessary in two concepts to fit this quantity because of the

difference in required number of flight tests.

Stage cost, which does not include motors, is shown in Figure 5.4-9. The low

point for APM-41 relative to APM-67 is partly attributable to the stage-separa-

tion concept. As discussed in the design sections, the solid motors are peeled
off on the APM-41, whereas on the APM-67 the solid motors slide back on rails.

The use of rails increases the stage weight and contributes to the complexity and
cost.
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Figure 5..4-8 VEHICLE PROCUREMENTCOST COMPARISON
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Figure5.4-9 STAGECOSTS
(LessEnginesand Motors)
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The solid-motor costs in the first stage are shown in Figure 5.4-10. The

curve of cost _° nearly linear with _ _°_ ..... _+ __"_ ...._+-_"_-_

costs are shown in Figure 5.4-11. The M-1 engines used in the T65D and

APM-67 are more expensive in total than is the new-design engine of about

11 x 106 pounds thrust used in the remaining two configurations. The engine for

the APM-41 is slightly higher in cost than for the AT-41. E ssentially, the two

engines are alike except that AT-41 engine design is of lower thrust.

Development _The difference in development cost contributes about 3 percent

of the difference between the systems. There are three primary areas that

cause the differences. These are in (1) the engine development, (2) the engineer-

ing of the vehicle, and (3) the flight test program. Figure 5.4-12 shows the

major cost elements of the development program.

The large hydrogen engine contributes heavily to development costs of the

APM-41 and AT-41 when compared with the smaller M-1 used in the other two

vehicles. The higher test-vehicle costs of the T65D and APM-67B vehicles are

a function of vehicle weight and the number of flight tests required.
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Manufacturing and Test Facilities, Tooling, and GSE--Manufacturing and test

facilities, tooling, and GSE contribute less than 10 percent of the total system

cost. The manufacturing facilities include those required for the large hydro-

gen engines. Facilities for static test and engineering-development tests are

essentially the same for all configurations. There is some difference in tool-

ing between configurations, with the tandem-staged vehicles requiring the most

tooling. GSE cost for the configurations is the same. Figure 5.4-13 compares
these items. Differences that occur in various items offset each other so that

the net result shows comparable totals.

Launch Facilities --Launch facility costs are taken directly from Martin-

Denver estimates and are shown in Section 5.3. Figure 5.4-14 shows the costs.

These costs contribute about 20 percent of the total, and 10 percent of the

difference between configurations. Vehicle height is the primary cause of cost

variation.

Ground Operations --This category includes all recurring expenditures for
launch operations except vehicle costs. The comparison of ground operations

is shown in Figure 5.4-15. Primary items of importance are shown. Sustain-

ing engineering is approximately 12 percent of the vehicle procurement cost.

Propellant and gases vary slightly between configurations because of the differ-

ent quantities required. Launch operation costs include manning, launch facility

refurbishment, and other launch site recurring expenditures. These costs were

furnished by Martin-Denver. These items compose about 15 percent of the total

system, but the differences account for only about 5 percent of the total differ-

ence between systems.
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